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© According to the display device of the present 
invention, counter electrodes are formed in stripes 
(41) at a position facing pixel electrodes, with a 
polymer dispersion liquid crystal held between the 
counter electrodes and pixel electrodes. When a 
positive-polarity signal is to be impressed to a pixel 
electrode, a negative-polarity voltage is fed to the 
counter electrode. On the other hand, when a nega- 
tive-polarity signal is to be impressed to a pixel 
electrode, a positive-polarity voltage is added to the 
counter electrode. In this impressing manner of vol- 
tages, a high voltage can be applied to the polymer 
dispersion liquid crystal layer on the pixel elec- 
trodes, so that the liquid crystal layer is turned into 
the transmitting state even if it is thick. Accordingly, 
the scattering efficiency is improved and images are 
displayed with high contrast as the liquid crystal 
layer can be made thick. If the thick transparent 
substrate (212) is bonded to at least one of the 
substrates (11,12) the light scattered at the liquid 
crystal layer is reflected by the thick substrate and 



returned back to the liquid crystal layer, thus elimi- 
nating the light to be scattered again. The display 
contrast is improved. When the display device is 
utilized as a light valve of a projection-type display 
apparatus, it realizes a video equipment able to 
display images on a large screen with high lumi- 
nance and high contrast. 

Fig. 4 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a display de- 
vice designed to form optical images by modulat- 
ing the incident light, and also a projection-type 
display apparatus realizing a large-screen display 
by magnifying and projecting images formed by 
the display device onto a screen. 

2. Description of the Prior Art 



PDLC utilizes the fact that th index of refrac- 
tion is different depending on the direction of ori- 
entation of th liquid crystal. Without a voltage 
impressed, drops of the liquid crystal are orientated 
5 in irregular directions. Since the index of refraction 
of polymers becomes different from that of the 
liquid crystal at this time, the incident light is scat- 
tered. On the other hand, when a voltage is im- 
pressed to PDLC, the direction of orientation of all 
w the liquid crystal molecules is rendered uniform. 
Therefore, if the index of refraction when the liquid 
crystal is orientated in one direction is preliminarily 
matched with the index of refraction of polymers, 
the incident light is allowed to pass through the 
liquid crystal layer without being scattered. 

In contrast, PNLC makes use of the irregularity 
itself in the orientation of liquid crystal molecules. 
In the irregularly orientated state, namely, when a 
voltage is not added to PNLC, the incoming light is 
scattered. When a voltage is supplied to both 
PDLC and PNLC so that the liquid crystal is orien- 
tated regularly, the liquid crystal layer becomes 
transparent, so that the light is transmitted. 

The above PDLC and PNLC are generally 
termed as polymer dispersion liquid crystals, and 
PD liquid crystal panels and PN liquid crystal pan- 
els are called as polymer dispersion liquid crystal 
panels. Resin components in the liquid crystal lay- 
er are called as polymers. 

The operation of the polymer dispersion liquid 
crystal panel will be described briefly by an exam- 
ple of the PD liquid crystal panel. 

Figs. 56 and 57 are explanatory diagrams of 
the operation of the PD liquid crystal panel. A pixel 
electrode 51 is connected to a thin film transistor 
(not shown, and designated as TFT hereinafter). A 
voltage is fed to the pixel electrode 51 by turning 
ON/OFF of the TFT. Upon receipt of the voltage, 
the direction of orientation of liquid crystal mol- 
ecules 382 in the form of drops on the pixel elec- 
trode 51 is changed. 

As indicated in Fig. 56, while a voltage is not 
supplied (in the OFF state), drops of liquid crystal 
382 are orientated irregularly in direction. In this 
state, the index of refraction differs between a 
polymer 381 and the liquid crystal molecules 382, 
whereby the entering light is scattered. When a 
voltage is added to the pixel electrode 51, the 
liquid crystal molecules are orientated uniformly as 
is clearly shown in Fig. 57. If the index of refraction 
of the liquid crystal molecules when orientated in 
one direction is set equal to the index of refraction 
of the polymer 381 beforehand, the incident light is 
not scattered, but is projected from an array sub- 
strate 1 1 . 

USP No. 4435047 discloses an example of the 
t above-described polymer dispersion liquid crystal 
or a similar display device. A nematic liquid crystal 



Because of the light-weight and thin-size of 
display devices using a liquid crystal (referred to is 
as a liquid crystal display device hereinafter), en- 
thusiastic researches and developments have been 
directed to this field lately. For instance, a pocket- 
size TV using a twist nematic (TN) liquid crystal 
which applies the optical rotatory power of the 20 
liquid crystal has been brought on the market and 
moreover, a projection-type display apparatus uti- 
lizing the aforementioned TN panel as a light valve 
has also been in practical use. 

The above TN liquid crystal panel requires the 25 
incident light to be linearly polarized through a 
polarizing plate for modulation. However, the po- 
larizing plate absorbs or reflects 50% or more of 
the incident light, and therefore, the using effi- 
ciency of light becomes poor in the liquid crystal 30 
display device using the TN liquid crystal panel. 
The display luminance is disadvantageously low as 
well. 

A proposal to solve the above problem is a 
liquid crystal display panel using a polymer disper- 35 
sion liquid crystal in place of the TN liquid crystal. 
The polymer dispersion liquid crystal panel can 
modulate the light without using a polarizing plate. 
The polymer dispersion liquid crystal will be briefly 
depicted hereinbelow. ao 

The polymer dispersion liquid crystal is roughly 
separated into two types as follows based on the 
dispersed state of a liquid crystal and a polymer 
material. Drops of a liquid crystal are dispersed in 
a polymer material in one type, that is, the liquid 45 
crystal is present in the polymer material in the 
discontinuous state (which will be represented as 
PDLC hereinafter, and a liquid crystal panel using 
PDLC will be denoted as a PD liquid crystal panel). 
The other type of the polymer dispersion liquid so 
crystal has a network of polymers spread in a 
liquid crystal layer, most similar to the state of a 
liquid crystal contained in a sponge. The liquid 
crystal in the structure of a network is continuous, 
not appearing in the form of drops (referred to as 55 
PNLC hereinafter). The display of images in the 
above two kinds of liquid crystal panels is achieved 
by controlling scattering and transmission of light. 
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is sealed in a capsule held between two electrodes 
according to the USP liquid crystal device. The 
display device scatters th light when an electric 
field does not act to the liquid crystal layer, and 
passes the light when an electric field is applied to 
the liquid crystal layer. 

Further, another USP No. 4613207 describes 
an example of a projection-type display apparatus 
which projects images obtained by the above USP 
liquid crystal display device after magnifying the 
same. A reflecting-type or a transmitting-type liquid 
crystal display device is used as a light valve in the 
apparatus of USP No. 4613207. Images displayed 
by the light valve are projected onto a screen on 
an enlarged scale. 

In a display device using PDLC (referred to as 
PDLCD), the light is modulated by switching the 
same to be scattered or transmitted, thereby to 
form images. More specifically, when the light is 
scattered, a black display is obtained. On the other 
hand, when the light is transmitted, a white display 
is gained. The display contrast represents the ratio 
of the transmission light of the white indication 
(referred to as an ON light hereinafter) and the 
transmission light of the black indication (referred 
to as an OFF light). Since the amount of the ON 
light of PDLCD is considerably large because of 
the transmissible state of the liquid crystal layer, it 
is necessary to reduce the amount of the OFF light 
in order to obtain a large display contrast, and 
eventually it is required to improve the scattering 
efficiency of light. Although the scattering efficiency 
may be improved if the thickness of the liquid 
crystal layer is increased, it brings about another 
requirement to raise a voltage to make the liquid 
crystal layer transmissible. The required voltage is 
limited to be within ±6 - ±7 up to the standard, 
partly depending on the driving performance of a 
source drive IC which outputs image signals to the 
pixel electrode. It is to be noted here that it is a 
perfectly scattering state when the light is scattered 
best, that is, the image display surface of the liquid 
crystal device shows the same luminance in any 
direction. 

Recently, the number of pixels in the liquid 
crystal panel has been increased more and more. 
Even such a liquid crystal panel that includes not 
smaller than a million pixels has been produced 
experimentally for use in a superfine display panel. 
The more the number of pixels is increased, the 
higher the operating clock of the drive IC becomes. 
And, the output of the drive IC is necessary to be 
changed in synchronization with the operating 
clock. +6V is nearly th upper limit when the op- 
erating clock is 20MHz in the semiconductor tech- 
nology at present. 

From the above reason, the thickness of the 
liquid crystal layer should be set so that the liquid 



<EP 0622655A2 I > 



crystal layer is transmissible at ±6V. However, the 
scattering efficiency of the liquid crystal layer 
which becomes transparent at ±6V is far from the 
perfectly scattering state described above. 

5 If the source drive IC is greatly enlarged in size 

or by the like arrangement, ±8V or higher driving 
voltage may be realized. In this case, however, the 
size of a chip of the source drive IC is undesirably 
increased, causing the cost rise of the chip. At the 

70 same time, since the amplitude of output signals of 
a gate drive IC for scanning signal lines should be 
widened as well, the voltage stress of TFT control- 
ling signals impressed to the pixels is increased, 
which leads to a shorter life of PDLCD. 

75 As described hereinabove, the conventional 
PDLCD is considerably difficult to fulfill the high 
contrast of displays although it achieves high lu- 
minance displays. Therefore, high contrast displays 
naturally cannot be expected in a projection-type 

20 display apparatus using the conventional PDLCD 
as a light valve. 

SUMMARY OF THE INVENTION 

25 The object of the present invention is therefore 

to provide a display device achieving high lumi- 
nance and high contrast displays, a driving method 
of the display device whereby a high voltage is 
easily impressed to a light modulation layer there- 

30 by to allow the light modulation layer to be thick, 
and consequently realize high contrast displays, 
and a projection-type display apparatus realizing 
large-screen displays of high quality by using the 
above display device as a light valve. 

35 A display device in a first aspect of the inven- 

tion is provided with a first substrate having pixel 
electrodes in matrix, a second substrate having a 
plurality of striped electrodes, and a light modula- 
tion layer held between the first and second sub- 

40 strates. 

The striped electrodes are arranged to cor- 
respond to rows of pixel electrodes (pixel elec- 
trodes connected to one gate signal line via TFT). 
In other words, the number of striped electrodes is 

45 equal to the number of rows of the pixel electrodes, 
and more preferably, the striped electrodes are 
formed of ITO, having metallic thin films formed in 
the periphery of the ITO. 

One end of the striped electrode is electrically 

50 connected to a drive circuit, so that each striped 
electrode receives a predetermined voltage from 
the drive circuit. The drive circuit is disposed or 
formed on the second substrate. In the case where 
the drive circuit is formed or disposed on the first 

55 substrate, a signal output terminal of the drive 
circuit is electrically connected to the striped elec- 
trqde on the second substrate via conductive 
beads or the like. It is better to use a polymer 

4 
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dispersion liquid crystal as the light modulation 
layer. 

A display device of a second aspect of the 
present invention is provided with a first substrate 
on which pixel electrodes are arranged in matrix 
and striped electrodes corresponding to rows of the 
pixel electrodes are formed, and a second sub- 
strate with counter electrodes. It is so constituted 
that a different voltage can be impressed to any 
optional striped electrode from that of a striped 
electrode adjacent to the optional electrode. A light 
modulation layer is held between the first and 
second substrates. The striped electrode and pixel 
electrode constitute a capacitor. A polymer disper- 
sion liquid crystal is suitable for the light modula- 
tion layer. 

According to a third aspect of the invention, a 
display device comprises a first and a second 
substrates at least either of which is light-perme- 
able, a light modulation layer held between the first 
and second substrates, and a transparent member 
optically coupled to the first and second substrates. 

Supposing that when the light is cast to the 
light modulation layer, the illuminance of the plane 
of incidence to the light modulation layer is L, the 
luminance of the light modulation layer measured 
at the plane of projection from the direction of a 
normal of the light modulation layer is B, and the 
ratio of circumference of a circle to its diameter is 
7T, the relationship wB/L31.5 is held in the display 
device. More preferably, a polymer dispersion liq- 
uid crystal is used as the light modulation layer, 
and a concave lens or a transparent plate is the 
transparent member. 

A fourth aspect of the present invention pro- 
vides a display device which consists of a first 
substrate having pixel electrodes arranged in ma- 
trix thereon, a second substrate with a plurality of 
striped electrodes, a light modulation layer held 
between the first and second substrates which 
forms optical images as the change of the scatter- 
ing state of light, and a transparent member. The 
transparent member is optically bonded to at least 
either of the first and second substrates by an 
adhesive. 

The stripe electrodes are disposed to confront 
corresponding rows of pixel electrodes. Similar to 
the above third aspect, the light modulation layer 
satisfies the relationship ttB/LJ1.5. A polymer dis- 
persion liquid crystal is desired as the light modu- 
lation layer. At the same time, a concave lens or a 
transparent substrate with some thickness is prefer- 
able for the transparent member. 

A driving method of a display device according 
to a first aspect of the invention is a method to 
drive the display device of the above-described 
first or fourth aspect of the invention. 



BNSDOCID: <EP 0622655A2J_> 



655 A2 6 



The description hereinaft r is based on the 
assumption that an optional striped electrode of the 
display device is designated as a first striped elec- 
trode, and a pixel electrode formed at a position 

5 facing the first striped electrode is a first pixel 
electrode, and moreover a striped electrode at a 
position adjacent to the first striped electrode is a 
second striped electrode, a pixel electrode at a 
position counter the second striped electrode is a 

70 second pixel electrode. 

In the display device in the first aspect of the 
present invention, a voltage to be impressed to the 
striped electrodes can be set differently from that 
to the pixel electrodes. Therefore, if the voltages 

75 impressed to the striped electrodes and pixel elec- 
trodes are made opposite in polarity, the voltage 
difference which is a voltage impressed to the light 
modulation layer becomes large, and a sufficient 
electric field can be accordingly added to the light 

20 modulation layer even if the light modulation layer 
is thick. That is, in the case where the light modu- 
lation layer is composed of a polymer dispersion 
liquid crystal, the display device approaches the 
perfectly scattering state even when the light mod- 

25 ulation layer is formed thick. The display contrast is 
improved. Moreover, the amplitude of signals fed to 
the pixel electrodes can be relatively small. The 
generation of heat at the drive circuit can be sup- 
pressed. High-speed signals can be handled. Fur- 

30 ther, if metallic thin films are formed partly on the 
striped electrodes, the metallic thin films work as a 
black matrix, shutting the unnecessary light. Since 
the metallic thin films have lower resistances than 
ITO, the resistance of the striped electrodes can be 

35 reduced, thus preventing the deterioration of the 
frequency characteristic of signal waveforms im- 
pressed to the striped electrodes. 

Even in the case where striped electrodes are 
formed below pixel electrodes, not on the second 

40 substrate, as in the display device of the second 
aspect, a high voltage can be fed to the light 
modulation layer by controlling a voltage to the 
striped electrodes. Displays are obtained with high 
contrast. 

45 When the light modulation layer is of a polymer 

dispersion liquid crystal, the light is scattered at or 
passed through the light modulation layer to modu- 
late the incident light. The scattered light is re- 
flected at the first or second substrate, again enter- 
so ing the light modulation layer, and further scattered 
there to be a secondary scattering light. Since part 
of the secondary scattering light is projected out 
from the substrate to reach the screen, the secon- 
dary scattering light is a cause for the deterioration 
55 of the display contrast. Moreover, the secondary 
scattering light raises the screen illuminance of the 
,black display, thereby lowering the display con- 
trast. 

5 
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If a transparent substrate is attached to at least 
one of th first and second substrates as in the 
display device of the third aspect, the above-de- 
scribed secondary scattering light is prevented, 
and the display contrast is improved. If *B/LS1.5 is 
satisfied, the improving effect is large enough to 
achieve the practically sufficient display contrast. 
The thickness at the center of the substrate can be 
made smaller if a concave lens is installed instead 
of the transparent substrate, which makes the de- 
vice light in weight and compact in size. 

According to the fourth aspect of the invention, 
the display device features the arrangement of both 
the striped electrodes and the transparent sub- 
strate, thereby realizing better display contrast. 

Since the display device of the present inven- 
tion requires no polarizing means such as a po- 
larizing plate or the like, it is needless to say that 
displays made by the device are with high lu- 
minance. 

In the first field of TV video signals, a positive- 
polarity video signal is written in the first pixel 
electrode, and a first voltage lower than the above 
signal voltage is added to the first striped elec- 
trode. At the same time, a negative-polarity video 
signal is written in the second pixel electrode, while 
a second voltage higher than the negative-polarity 
signal voltage is supplied to the second striped 
electrode. 

In the second field succeeding the first field, on 
the other hand, a negative-polarity video signal is 
written in the first pixel electrode, and the first 
striped electrode receives a second voltage higher 
than the voltage of the video signal written in the 
first pixel electrode. A positive-polarity video signal 
is written in the second pixel electrode and, a lower 
voltage than the above video signal voltage is writ- 
ten in the second striped electrode. The absolute 
values of the first and second voltages are desir- 
ably equal to each other. 

A driving method of a display device according 
to a second embodiment of the present invention is 
a method to drive the display device of the first or 
fourth display device, similar to the driving method 
of the first embodiment. 

In the first field, the first striped electrode is 
turned to an earth potential, with a positive-polarity 
video signal written in the first pixel electrode. 
Thereafter, the first striped electrode is set to a 
negative-polarity potential. The second striped 
electrode alike is set at the earth potential and a 
negative-polarity video signal is written in the sec- 
ond pixel electrode. Then, the second striped elec- 
trode is set at a positive-polarity potential. 

In the second field, while the first striped elec- 
trode is at the earth potential, a positive-polarity 
video signal is written in the second pixel elec- 
trode. Then, the first striped electrode is changed 
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to a positive-polarity potential. The second striped 
electrode is also set at th earth potential, to which 
a positive-polarity video signal is written. Subse- 
quently, the second striped electrode is turned to a 
5 negative-polarity potential. 

A driving method of a display device in a third 
embodiment of the present invention is to drive the 
display device of the third aspect. The striped 
electrodes are formed on the substrate where the 
io pixel electrodes are formed in the display device of 
the third aspect of the invention. The driving proce- 
dure of the display device is quite the same as in 
the driving method of the second embodiment. 
According to the driving method for driving the 
75 display device of the invention, voltages impressed 
to the striped electrodes and pixel electrodes are 
controlled separately. That is, voltages of opposite 
polarities can be fed to the striped electrodes and 
pixel electrodes, and therefore the potential dif- 
20 ference is enlarged between the striped electrodes 
and pixel electrodes. Accordingly, a high voltage is 
easily supplied to the light modulation layer. 

A projection-type display apparatus according 
to a first invention uses the display device of the 
25 first aspect as a light valve. Similarly, a projection- 
type display apparatus of a second invention uses 
the display device of the second aspect, a projec- 
tion-type display apparatus of a third invention us- 
ing the display device of the third aspect and a 
30 projection-type display apparatus of a fourth inven- 
tion using the display device of the fourth aspect 
for respective light valves. 

Each projection-type display apparatus is pro- 
vided with a discharge lamp such as a metal halide 
35 lamp or the like, an optical system for guiding the 
light projected from the discharge lamp to the 
display device, and a projecting means such as a 
projecting lens, etc. for magnifying and projecting 
the light modulated by the display device to a 
40 screen, etc. The spreading angle of the light enter- 
ing the display device is made approximately co- 
incident with the converging angle of the light con- 
densed by the projecting means. Preferably, the F- 
number of the projecting means is not smaller than 
45 5 and not larger than 9, and the arc length of the 
discharge lamp is not smaller than 3mm and not 
larger than 6mm. 

The projection-type display apparatus of the 
present invention uses the light valve having the 
so good display contrast, and therefore, the display 
contrast of images magnified/projected onto the 
screen is naturally good. 

Since no polarizing plate is used in the display 
apparatus of the present invention, the screen lu- 
55 minance is high. At the same time, since the F- 
number, arc length, etc. are set to be optimum, the 
u^ing efficiency of light is high, without unnec- 
essary heat generated. 

6 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
ing description taken in conjunction with the pre- 5 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
parts are designated by like reference numerals, 
and in which: 

Fig. 1 is an equivalent circuit diagram of the w 
display device according to the present inven- 
tion; 

Fig. 2 is a perspective view of a display device 
in a different embodiment of the present inven- 
tion; 1S 
Fig. 3 is a partial sectional view of the perspec- 
tive view of the display device of the present 
invention; 

Fig. 4 is a partial plan view of a substrate with 
striped electrodes formed thereon in the display 20 
device of the present invention; 
Fig. 5 is a partial plan view of another example 
of the substrate with the striped electrodes 
shown in Fig. 4; 

Fig. 6 is an enlarged partial plan view of a 25 
display part in the display device of the present 
invention; 

Fig. 7 is a partial cross-sectional view of the 
display part shown in Fig. 6; 

Figs. 8 and 9 are plan views each showing a 30 
composition of a pixel in the display of the 
present invention; 

Fig. 10 is a perspective view of the display 
device according to the present invention; 
Fig. 11 is an equivalent circuit diagram of the 35 
display device according to the present inven- 
tion; 

Fig. 12 is an equivalent circuit diagram of the 

display device according to another embodiment 

of the present invention; 40 

Fig. 13 is a block diagram of the display device 

according to the present invention; 

Fig. 14 is a diagram of a driving signal for one 

pixel; 

Fig. 15 is another diagram of the driving signal 45 
for one pixel; 

Figs. 16 and 17 are expalanatory plan views for 
showing the driving method according to the 
present invention; 

Fig. 18 is an explanatory circuit diagram for 50 
showing the driving method according to the 
present invention; 

Fig. 19 is an explanatory circuit diagram for 
showing another example of the driving method 
according to the present invention; 55 
Figs. 20 and 21 are explanatory circuit diagrams 
for showing a further example of the driving 
method according to the present invention; 



Fig. 22 is an explanatory cross-sectional view of 
the display device according to the present in- 
vention; 

Fig. 23 is an explanatory cross-sectional view of 
a display device having a relatively thin sub- 
strate; 

Fig. 24 is a plan view of Fig. 23; 
Fig. 25 is an explanatory cross-sectional view of 
a display device having a relatively thick sub- 
strate; 

Fig. 26 is a plan view of Fig. 25; 
Fig, 27 is an explanatory cross-sectional view of 
a display device having a concave substrate; 
Figs. 28 to 38 are schematical cross-secitonal 
views of the display device for showing a variety 
of embodiments according to the present inven- 
tion, respectively; 

Fig. 39 is an explanatory cross-sectional view of 
another example of the display device according 
to the present invention; 

Figs. 40 and 41 are explanatory views for show- 
ing a method of evaluation about properties of 
the light modulation layer according to the 
present invention, respectively; 
Fig. 42 is a graph for showing panel gain 
curves; 

Fig. 43 is a graph showing a relation between 
panel gain G and decreasing rate of luminance 
D; 

Fig. 44 is a schematical cross-sectional view of 
the display device according to the present in- 
vention; 

Fig. 45 is a graph showing a variation of lu- 
minance ration Be/B with respect to the relative 
thickness t/d of a substrate; 
Fig. 46 is a graph showing a variation of panel 
gain G with respect to driving voltage V; 
Fig. 47 is a graph showing a relation of screen 
luminous flux Lm versus the contrast and FNo; 
Fig. 48 is a graph showing a relation between 
FNo and the diagonal length d of a panel; 
* Fig. 49 is a graph showing a relation between 
the contrast and FNo; 

Figs. 50, 51, 52, 53, 54 and 55 are structural 
diagrams for showing a variety of the projection- 
type display devices according to the present 
invention, respectively; 

Figs. 56 and 57 are expalantory views for show- 
ing an operational principle of a polymer disper- 
sion liquid crystal; 

Fig. 58 is a cross-sectional view of a display 
device of optically addressed type using a poly- 
mer dispersion liquid crystal according to the 
present invention; 

Fig. 59 is a structural diagram of a projection 
type display device using the optically ad- 
i dressed display device as a light valve; and 
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Fig. 60 is a structural diagram of another exam- 
ple of the projection type display device using 
the optically addressed display device as a light 
valve according to the present inveniton. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of a display device of 
the present invention will be depicted hereinbelow 
with reference to the accompanying drawings. 

Fig. 10 is a perspective view of a display 
device in one embodiment of the present invention, 
and Fig. 1 illustrates an equivalent circuit diagram 
of the display device of Fig. 10. In Figs. 1 and 10 
as well as the other drawings, those parts unnec- 
essary for the description are omitted and some 
are exaggerated or reduced, etc. for the conve- 
nience of explanation. 

On a substrate 11 (referred to as an array 
substrate) are formed pixel electrodes 51 in matrix. 
The pixel electrodes 51 are connected to the cor- 
responding TFTs 61 as switching elements. TFT 61 
is connected to a capacitor 64 and the pixel elec- 
trode 51. A liquid crystal layer 53 is held between 
the pixel electrodes 51 and striped electrodes 41. 
The other end of the capacitor 64 is a common 
electrode 63. The common electrode 63 is shared 
among all the one electrodes of the capacitors 64 
of the whole pixels. TFT 61 is driven by signals 
impressed to a gate signal line G1-Gm and a 
source signal line S1-Sn. A gate drive circuit 14 is 
connected to one ends of the gate signal lines Gi (i 
is 1-m), outputting signals to turn TFTs 61 into an 
operating state (ON state) and into a non-operating 
state (OFF state). On the other hand, a source 
drive circuit 15 samples video signals and outputs 
the signals to source signal lines S1-Sn. 

C1-Cm are striped electrodes 41 formed at the 
surface of a counter substrate 12 in touch with the 
liquid crystal layer 53. The electrodes 41 are 
shown in a plan view in Fig. 4. The striped elec- 
trode 41 generally formed of ITO extends at least 
from one end to the other end of an effective 
display area 13. The electrodes 41 are formed with 
the same pitch as the pixel electrodes 51. 

One end of each striped electrode 41 is con- 
nected to a counter drive circuit 16. The striped 
electrode 41 may be considered as a signal line for 
the counter drive circuit 16, and in such case, the 
striped electrode 41 will be referred to as a counter 
signal line C1-Cm. Since ITO has a relatively low 
resistance, the voltage may be decreased from a 
contact point of the counter drive circuit 16 to a 
non-contact terminal, which can be solved by a 
metallic thin film 42 formed as shown in Fig. 5. The 
metallic thin film 42 is made of chromium or the 
like, with openings 43 at a position facing the pixel 



electrodes 51 . The metallic thin film 42 is disposed 
over the TFTs, gate signal lines and source signal 
lines to shut light. That is, the metallic thin film 42 
is effective to shut light as the black matrix and 

5 lower the resistance of the striped electrodes. 

Fig. 8 is a plan view of the pixel, in which the 
pixel electrode 51 is connected to TFT 61. The 
common electrode 63 is formed below the pixel 
electrode 51 , and insulated from the pixel electrode 

10 51 via an insulating film. 

Specifically, drive circuits 14, 15, 16 are ICs 
having projecting electrodes (not shown) of Au 
formed several to 100nm high at the signal termi- 
nal electrode parts thereof by plating or nail head 

75 bonding technology. The projecting electrodes are 
electrically connected to signal lines via a conduc- 
tive bonding layer (not shown) using a mixture of, 
for example, epoxy series or phenol series chief 
material with flakes of Ag, Au, Ni, C, Sn02 or the 

20 like, or an ultraviolet curing resin, etc. as an adhe- 
sive. The conductive bonding layer is formed on 
the projecting electrodes by transfer printing or the 
like method. 

Although the drive ICs are mounted on the 

25 substrate in Fig. 10, the invention is not restricted 
to this arrangement. For instance, if the array sub- 
strate 1 1 is formed by the high or low temperature 
polymerization of silicon, needless to say, the drive 
ICs may be formed directly on the substrate 

30 through the semiconductor technique. Moreover, 
the substrate 11 may be connected with signal 
lines in a film carrier process by using a polyimide 
film or the like with ICs loaded thereon, instead of 
mounting the ICs on the substrate 1 1 . 

35 Figs. 6 and 7 are plan view and sectional view 

of a display part of the display device of Fig. 1. 
Striped electrodes 41 are disposed to face the 
pixel electrodes 51. The metallic thin film 42 is 
attached, if required, at a position indicated by 

40 slantwise lines in Fig. 6. The striped electrodes 41 
are preferably set as close as possible to the 
adjacent ones. If the distance of the striped elec- 
trodes is too large, the numerical aperture of pixels 
is decreased. In the case where the striped elec- 

45 trodes are formed on a TN liquid crystal panel, a 
transversal electric field is generated between the 
adjacent striped electrodes 41, causing the ab- 
normal orientation of liquid crystal molecules and 
shading of images. If the striped electrodes are 

so formed on a PD liquid crystal panel, the resulting 
transversal electric field orientates the liquid crystal 
molecules and ther fore the incident light is scat- 
tered more. The PD liquid crystal does not require 
an orientating treatment, not alike the TN liquid 

55 crystal. The PD liquid crystal never accompanies 
the disturbance of orientation of striped electrodes 
atiali. 
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When a transversal electric field is generated 
between adjacent striped electrodes 41 , liquid cry- 
stal molecules in the light modulation layer are 
oriented along electric force lines of the transversal 
electric field. In a PD liquid crystal light modulation s 
layer, the oriented liquid crystal scatters one of P 
and S polarization lights and transmits the other. 
Namely, the light incident on a portion where the 
transversal electric field is generated has a depen- 
dence of polarization upon emitting from the panel. w 
The display contrast is reduced due to the trans- 
parency to P or S polarization light. 

In order to prevent this, it is very effective to 
form a low dielectric film 54a as indicated by 
dotted lines in Rg. 7. The term "low dielectric film" 75 
means a thin or thick film made of a dielectric 
material having a dielectric constant smaller than 
that of the light modulation layer 53. This low 
dielectric film 54a is formed to cover the metallic 
thin film 42 using Si0 2 or polymer 381 as PD liquid 20 
crystal. The dielectric constant of SiCk or polymer 
381 is 4 or 5 for smaller that of the liquid crystal 
having a value of 15 to 30. When the low dielectric 
film 54a is formed, electric force lines pass through 
the liquid crystal layer 53 preventing occurrence of 25 
the transversal electric filed and, thereby, enhanc- 
ing the display contrast. 

. A transversal electric field may be generated 
between a pixel electrode 51 and a signal line 52. 
Accordingly, it is also effective to form a low di- 30 
electric film 54b to cover the signal line 52. 

It is also to be noted that the striped electrode 
may be formed so as to correspond to two or more 
rows of pixel electrodes. 

The counter substrate 12 is registered and 35 
attached to the array substrate 1 1 so that a gate 
signal line 52 is positioned to face the gap of the 
striped electrodes 41. The polymer dispersion liq- 
uid crystal layer 53 is held between the pixel 
electrodes 51 and striped electrodes 41. 40 

For the liquid crystal layer 53 of the display 
device of the present invention, a nematic liquid 
crystal, a smectic liquid crystal or a cholesteric 
liquid crystal is preferably used, and also a mixture 
including one, or two or more kinds of liquid crystal 45 
compounds or the other substance than the liquid 
crystal compounds may be employed. Among the 
above kinds of material, a cyanobiphenyl group 
nematic liquid crystal or chloro group nematic liq- 
uid crystal is more preferable. Particularly, the 50 
chloro group nematic liquid crystal is less de- 
composed by the light and is stable with good 
heat-proof properties, and moreover the retention 
of electric charges in the chloro series nematic 
liquid crystal layer is made as high as not smaller 55 
than 90%. Therefore, the present invention em- 
ploys the chloro series liquid crystal. 



Transparent polymers are fit for th resin com- 
ponents. Although any of thermoplastic resins, ther- 
mosetting resins and photosetting resins may be 
used, ultraviolet curing resins are most desired 
from the viewpoint of manufacturing easiness and 
ready-to-separate characteristic to the liquid cry- 
stal. An ultraviolet-setting group resin is specifically 
cited as an example of the invention, preferably 
containing acrylic monomers and acrylic oligomers 
which are polymerized and hardened when ultra- 
violet rays are cast thereto. Only the resin compo- 
nents of this material are polymerized to be poly- 
mers when illuminated by the ultraviolet rays, and 
the liquid crystal alone shows the phase separation. 
The present invention uses an ultraviolet curing 
resin, whereas the prior art display device dis- 
closed in USP No. 4435047 uses a thermosetting 
resin. 

Monomers to form polymers through polymer- 
ization are 2-ethyl hexyl acrylate, 2-hydroxy ethyl 
acrylate, neopentyl glycol diacrylate, hexanediol 
diacrylate, diethylene glycol diacrylate, tripropylene 
glycol diacrylate, polyethylene glycol diacrylate, 
trimethylol propane triacrylate, pentaerythritol ac- 
rylate, etc. 

Oligomers or propolymers for the polymer are, 
for example, polyester acrylate, epoxy acrylate, 
polyurethane acrylate, etc. 

An initiator may be added to quickly perform 
the polymerization, for instance, 2-hydroxy-2-meth- 
yl-1-phenylpropane-1-on- ("DAROCURE 1173" pro- 
duced by Merck & Corp. Inc.), 1 -(4-isopropyl- 
phenyl)-2-hydroxy-2-methylpropane-1-on 
("DAROCURE 1116" by Merck & Corp. Inc.), 1- 
hydroxy cyclohexyl phenylketone ("IRGACURE 
651" by Ciba-Geigy). Additionally, chain transfer 
agents, photosensitizer, dye agent, cross-linking 
agents or the like may be suitably optionally em- 
ployed. 

In this case, if the amount of the liquid crystal 
is small in comparison with that of polymer, the 
liquid crystal is formed separately in drops. Mean- 
while, if the amount of the liquid crystal is large, 
resin components are found in the form of particles 
or a network in the liquid crystal, so that the liquid 
crystal becomes a continuous layer. Unless the 
particle size of drops of the liquid crystal, or the 
diameter of the polymer network is uniform to 
some extent in the range of 0.5-several urn, the 
scattering efficiency of the incident light is inferior 
to miss the contrast of displays. Therefore, the 
average particle size of drops of the liquid crystal 
or the average diameter of the polymer network is 
suitably 0.8-3.0um. For this reason, the material 
should be such that is completely set in a short 
time like ultraviolet curing resins. The favorable 
i blending ratio of the liquid crystal and polymer is 
90: 1 0-30:70, especially, 50:50-90:1 0. 
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In the present invention, although th polymer 
dispersion liquid crystal is used for the light modu- 
lation layer 53, the material is not restricted to the 
polymer dispersion liquid crystal, and a twist 
nematic liquid crystal, a supertwist nematic liquid 
crystal, etc. may be used, for instance. It is to be 
noted here, however, that the light modulation layer 
in the display device of the invention intended to 
prevent the secondary scattering light which will be 
described later and to improve the display contrast 
should be so defined in the claims as "forms 
optical images as the change of the scattering state 
of light". For forming the optical images as the 
change of the scattering state of light, a thermalad- 
dressed mode, a dynamic scattering mode (DSM), 
and a ferroelectric liquid crystal are exemplified. 
PLZT is also discussed by way of example. All of 
the aforementioned examples are included in the 
technical concept of the present invention. At the 
same time, the invention is not restricted to a liquid 
crystal display device or a projection type display 
device which writes signals to the pixel electrodes 
by TFTs, and implicates a display device of an 
optically addressed type such as ILA® offered by 
JVC-HUGES. 

In the constitution of the display device shown 
in Fig. 10, the counter drive circuit 16 is mounted 
onto the counter substrate 12. However, since it is 
necessary to provide both substrates 12, 13 with 
drive ICs 14, 15, 16, it is more or less difficult to 
manufacture the display device of Fig. 1 in a panel. 
Fig. 2 indicates a display device having ICs 14, 15, 
1 6 mounted on the array substrate 1 1 . 

When the counter drive circuit 16 is set on the 
array substrate 11 as in Fig. 2, it becomes neces- 
sary to transmit output signals from the circuit 16 
to the striped electrodes 41 on the substrate 11. 
The method and constitution for this transmission 
of signals will be discussed below. 

In Fig. 2, each drive circuit is placed on the 
array substrate 11. Naturally, each circuit may be 
formed directly on the array substrate 11 by the 
polymerizing technique of silicon. A contact part 
between a signal output terminal 34 of the counter 
drive circuit 16 and one terminal 33 of the striped 
electrode 41 is shown in cross section in Fig. 3. 
The output terminal 34 is one end of the signal line 
of the counter drive circuit 16. The terminals 33, 34 
are formed of relatively thick metallic thin films by 
plating or the like manner. The liquid crystal layer 
53 is 10um or more thick, and therefore the termi- 
nals 33, 34 of metallic thin films are set, for in- 
stance, not smaller than 1u.m and not larger than 
4um thick. 

A conductive bead 31 is obtained by plating a 
resin core with Ni, and further processing the Ni- 
coated core by Au plating. The diameter of the 
conductive bead 31 is not larger than the thickness 



of the liquid crystal layer 53. It is desirabl that the 
conductive bead 31 has such diameter as is crush- 
ed to not larger than 70% when held between the 
terminals 33 and 34. Therefore, 5 to 10um or 

5 smaller diameter is appropriate. The conductive 
beads 31 are dispersed in the insulating adhesive 
32. When the beads 31 are held between the 
terminals 33 and 34, the beads electrically connect 
the terminals 33 with 34 as denoted by a conduc- 

10 tive bead 31b. In the other cases than the above as 
represented by a conductive bead 31a, the termi- 
nals 33 and 34 are insulated by the adhesive. The 
bead 31 may be replaced with a fiber. 

The drive circuits 14, 15, 16 can be formed on 

75 the array substrate 11 with the use of the poly- 
merizing technique of silicon. Since it becomes 
unnecessary to mount the drive circuits on the 
counter substrate, the manufacturing cost is re- 
duced. 

20 In Fig. 1, the pixels are constructed in a so- 

called common electrode arrangement shown in 
Fig. 8. The arrangement of the striped electrodes 
41 may be employed in a prestage gate system of 
Fig. 11. The capacitors are formed between the 

25 gate signal lines Gi (i is 1-m) and pixel electrodes 
51 in the arrangement of Fig. 11. The constitution 
of the pixel in this case is indicated in Fig. 9. TFT 
61 is connected to the pixel electrode 51. An 
insulating film (not shown) is formed on the pixel 

30 electrode and the gate signal line 52, over which 
the pixel electrode 51 is superposed to constitute 
the capacitor 64. 

Fig. 13 is a block diagram of a driving circuit in 
one embodiment in the display device of the inven- 

35 tion. In Fig. 13, 101 is an amplifier for amplifying 
video signals to a predetermined level, and 102 is 
a phase splitting circuit for forming video signals of 
positive- and negative-polarities. The positive-polar- 
ity means a higher potential to the potential of the 

40 counter electrode (referred to as a common voltage 
hereinafter) and the negative-polarity indicates a 
lower potential to the common voltage. It is to be 
noted that the counter electrode is the striped 
electrode 41 in the display device of the present 

45 invention. The potential of the striped electrode 41 
is changed to a first and a second potentials by the 
counter drive circuit 16. The description below is 
based on the assumption that the common voltage 
is an average of the first and second potentials. 

so The other references in Fig. 13 are: 103 an 

output switching circuit for outputting alternating 
video signals with polarities inverted every field or 
every horizontal scanning period (1H); 105 a liquid 
crystal panel; and 104 a control circuit for synchro- 

55 nously controlling the source drive circuit 15, gate 
drive circuit 16 and counter drive circuit 16. 

i The operation of the above driving circuit of the 
display device will be depicted now. 

10 
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The amplifier 101 adjusts the gain to mak th 
amplitude of video signals correspond to electro- 
optic characteristics of the liquid crystal layer 53. 
Then, the adjusted video signals are guided into 
the phase splitting circuit 102, and divided into two 
video signals of positive- and negative-polarities 
with respect to the common voltage. The two video 
signals are input to the output switching circuit 103. 
The output switching circuit 103 generates video 
signals having polarities inverted every one field or 
every 1H. The polarities of the signals are inverted 
so as to impress an alternating current voltage to 
the liquid crystal layer 53. If a direct current voltage 
is added to the liquid crystal layer 53, the liquid 
crystal layer is decomposed and deteriorated. 

Subsequently, the video signals are sent out 
from the output switching circuit 103 to the source 
drive circuit 15. The control circuit 104 synchro- 
nizes the source drive circuit 15, gate drive circuit 
14 and counter drive circuit 16. 

Fig. 14 diagrammatically shows the signal 
waveform seen from one pixel. The waveform dur- 
ing the actual driving of the display device is 
slightly different from Fig. 14 because of the para- 
sitic capacity of TFTs, etc. An impressing voltage 
and the like will be described conceptually by way 
of example. 

Waveforms 111, 112 and 113 in Fig. 14 in- 
dicate those of signals impressed to a striped elec- 
trode, a source signal lines and a gate signal line, 
respectively. For the brevity of explanation, the 
following description will be made based on that 
the pixel is the pixel 71 , striped electrode 41 is C1 , 
gate signal line is G1 and source signal line is S1 
of Fig. i. 

The counter drive circuit 16 outputs +Va or 
-Va potential. The output in the first field (1F) of TV 
signals is such that the counter signal lines C2i and 
C2i + 1 (i is an integer) become +Va and -Va 
potentials. In the second field (2F), such a voltage 
is generated that the counter signal lines C2i + 1 
and C2i are turned to +Va and -Va potentials. The 
voltage impressed to the counter signal lines is 
alternately switched every 1 H to drive as above. In 
other words, for example, when the counter signal 
line C2i shows +Va and the counter signal line 
C2i + 1 is -Va, the counter signal line C1 is 
changed to +Va, and 1H later, the counter signal 
line C2 is changed to -Va. Another 1H later, the 
counter signal line C3 is turned to +Va. When the 
voltage is changed in the above manner, the poten- 
tial of all the counter signal lines is inverted. In the 
next field, again, th counter signal line C1 is 
inverted to -Va. 

The above voltage Va is not higher than a rise 
voltage of the liquid crystal. The rise voltage of the 
liquid crystal is a voltage when the orientation of 
the TN liquid crystal starts to change and when a 



polymer liquid crystal starts to transmit the light. 
The incident light is not modulated ven when a 
voltage not higher than th rise voltage is added to 
the liquid crystal layer. In other words, so long as 
5 Va is not larger than the rise voltage of the polymer 
liquid crystal, the liquid crystal is never changed 
into the light permeable state if the pixel electrode 
shows 0V. 

In the meantime, the source drive circuit 15 
w also changes the polarity of signals every 1H. In 
Fig. 14, the source signal line generates -Vb or 
+ Vb voltage at the time of the raster display. 
When moving pictures are to be displayed on the 
liquid crystal panel, naturally, the output of the 
75 source signal line is not a constant voltage, unlike 
tVb as shown in Fig. 14. The driving method to 
change the polarity of output signals from th 
source drive IC every 1H is called as a "1H inver- 
sion drive". 

20 The aforementioned "1H inversion drive" is 
diagrammatically represented in Figs. 16 and 17 in 
which the pixel 71 is drawn by a square. When the 
positive-polarity voltage is written in the pixel 71, 
the state is indicated by +, whereas, when the 

25 negative-polarity voltage is written in the pixel 71, it 
is marked, by -. Fig. 17 shows the write state one 
field later from Fig. 16 showing a write state to a 
field. 

The gate drive circuit 14 outputs a higher volt- 
30 age than the maximum output voltage (referred to 
as an ON voltage) so as to surely write the voltage 
from the source signal lines to the pixel electrodes, 
and a lower voltage than the minimum output volt- 
age (referred to as an OFF voltage) so as not to 
35 switch on the TFTs upon receipt of the minimum 
output voltage. 

Referring to Fig. 1 , when TFT 61 is turned on, 
-Vb voltage is written in the pixel 71. At this time, 
the counter signal line C1 is held at +Va voltage. 
40 +Vb voltage is written in the pixel 71 in the next 
( field, while the counter signal line C1 is kept at -Va 
voltage. As the above change is repeated every 
one field, the pixel 71 eventually receives a voltage 
Vc = Va + Vb. The counter signal line C1 is alter- 
45 natively at +Va or -Va voltage. The voltage written 
in the pixel 71 by TFT 61 is changed by a display 
image (video signals). 

Accordingly, in the present invention, it be- 
comes possible to impress a high voltage to pixels 
so as the counter electrodes are striped electrodes. 
However, seen from the operation of TFTs, this is 
not different from the conventional 1H inversion 
drive. Therefore, the conventional source drive IC 
and gate drive IC are utilizable in the present 
55 invention and moreover, the dielectric properties of 
TFTs 61 are not necessary to be improved, 
i For example, if Va = 4V and the maximum out- 
put voltage Vm of the source drive IC is 6V, it is 
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possible to drive the display device with 
Vc = Va + Vm = 4 + 6 = 10V. In the conventional poly- 
mer dispersion liquid crystal, if the thickness is 
10jxm, the light comes to be transmitted at 6V. 
However, the scattering efficiency of light is low 
when the film thickness is 10um, and therefore the 
good display contrast cannot be expected. To the 
contrary, since it is possible to impress 10V to the 
liquid crystal layer 53 according to the present 
invention and consequently, the film thickness of 
the liquid crystal layer 53 may be close to 15um, 
the scattering efficiency is remarkably improved, so 
that the good display contrast is achieved. The 
display device of the present invention easily re- 
alizes the output voltage Vm of 10V. Moreover, 
since the conventional members such as TFTs, 
drive circuits, etc. at the array substrate 12 can be 
used as they are, the manufacturing cost is not 
increased, and TFTs 61 are not deteriorated by the 
voltage stress owing to the output voltage Vm kept 
at the same 6V as in the conventional arrangement. 

In Fig. 14, the counter drive circuit 16 outputs 
+ Va and -Va potentials and, the source drive cir- 
cuit 15 generates +Vb and -Vb potentials. The 
driving method of the invention is not limited to the 
above. Another embodiment of the driving method 
will be discussed now with reference to Figs. 20 
and 21. 

For facilitation of understanding, the foregoing 
driving method will be more fully explained with 
reference to Fig. 18. Since TFT 61 of the pixel is a 
switching element, it can be regarded as a switch 
and denoted by S2. The liquid crystal layer 53 is 
considered as a capacitor C1c. Ca is a capacitor 
64. +Va or -Va potential is impressed to the coun- 
ter signal line Ci, that is, the two potentials are 
switched by a switch S1 . A voltage added to the 
liquid crystal layer 53 is V1 and a voltage input to 
the capacitor 64 is V2. 

When the ON voltage is fed to the gate signal 
line, TFT 61 is turned into the operating state, with 
impressing a signal from the source drive circuit 15 
to the pixel electrode 51. If the signal is negative- 
polarity -Vb and the counter signal line 41 has +Va 
potential, the voltage V1 to the liquid crystal layer 
53 becomes Va + Vb. If the signal is positive-polar- 
ity + Va, the switch S1 is changed over to a 
terminal a to turn the counter signal line 41 to -Va 
potential, whereby the voltage impressed to the 
liquid crystal layer 53 becomes Va + Vb. Therefore, 
even when the output signal from the source drive 
circuit 15 is Vb, the voltage V1 impressed to the 
liquid crystal layer 53 is a high voltage (Va + Vm) 
including the added potential Va of the counter 
signal line. If the potential impressed to the counter 
signal line 41 is +Va, a positive-polarity signal may 
be added to the pixel electrode 51 so long as the 
signal is not larger than +Va voltage. When the 



voltage supplied to the pixel electrode 51 is + Va 
and th potential impressed to the counter signal 
line 41 is +Va, Va-Va = 0V is fed to the liquid 
crystal layer 53, that is, the liquid crystal layer 53 

5 is turned into the state with no voltage impressed. 
Accordingly, the voltage impressed to the pixel 
electrode 51 is set to be not larger than + Va when 
the counter signal line 41 is +Va, and -Va or larger 
when the counter signal line 41 is -Va. 

10 Now, the driving method of the present inven- 
tion in the modified embodiment will be described. 
The counter drive circuit 16 in Figs. 20 and 21 is 
able to output signals of three potentials, i.e., com- 
mon voltage (0V = GND for easy understanding), 

75 +Vaand-Va. 

Referring first to Fig. 20, a voltage Vx is written 
in the pixel electrode 51 while the counter signal 
line 41 is held at the potential GND. The voltage 
applied to the liquid crystal layer 53 becomes 

20 V1 =Vx. After one horizontal scanning period (1H), 
the ON voltage is added to a next gate signal line 
and the precedent TFT in the ON state is turned 
into the OFF state (S2 is opened). Fig. 21 shows 
an equivalent circuit diagram at this time. Simulta- 

25 neously when TFT 61 is turned OFF, the switch S1 
is changed to the terminal a or c. That is, if the 
potential of the signal impressed to the pixel elec- 
trode 51 is positive, the switch S1 is changed to 
the terminal c ( + Va). On the other hand, if the 

30 signal is of the negative polarity, the switch S1 is 
switched to the terminal a (-Va). Since the voltage 
to the counter signal line 41 is changed to + Va or 
-Va, the voltage is divided to capacitors C1c and 
Ca. The ratio r that the divided voltage is im- 

35 pressed to the capacitor C1c is: 

r = Ca/(Clc + Ca) (1) 

The thickness of the liquid crystal layer of the 

40 polymer dispersion liquid crystal display device is 
as thick as 10u,m in comparison with that of the TN 
liquid crystal display device of 5um, and moreover, 
the dielectric constant e of the liquid crystal is low. 
The capacitor C1c of the liquid crystal has con- 

45 sequently a small capacity. Accordingly, the ca- 
pacitor Ca is necessary to be large, for example, 
satisfying C1c:Ca = 1:9. 

Substituting the values of C1c and Ca into the 
above expression (1), r = 0.9 is obtained. In other 

50 words, 90% the change of the voltage of the coun- 
ter signal line 41 is added to the liquid crystal layer 
53. Therefore, th ratio of the voltage impressed to 
the liquid crystal layer 53 to the change of the 
voltage (referred to as the voltage efficiency) is 

55 considerably high, which is characteristic of the 
polymer dispersion liquid crystal display device, 
different from the TN liquid crystal display device. 
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In the case where the positiv -polarity voltage 
is added to the pixel electrode 51 after TFT is 
turned OFF as above, a positive voltage is given to 
the counter signal line 41. When the negative- 
polarity voltage is impressed to the pixel electrode 
51, a negative voltage is fed to the counter signal 
line 41. The driving method according to the sec- 
ond embodiment of the present invention is ex- 
ecuted as above. 

It is not necessary to switch the potential of the 
counter signal line 41 immediately 1H later, and a 
little time delay is permitted. However, the effective 
voltage impressed to the liquid crystal layer is 
decreased as the time delay is larger. 

The above-described driving method is to drive 
the display device which has striped electrodes 41 
formed on the counter substrate 12. Hereinbelow 
are described a driving method and the constitution 
thereof according to a further embodiment of the 
present invention. 

Fig. 12 is an equivalent circuit diagram of the 
display device in the second aspect of the inven- 
tion. A pixel is in the configuration shown in Fig. 9. 
The liquid crystal layer 53 is held by the pixel 
electrode 51 and a counter electrode 91 . The coun- 
ter electrode 91 is common for all the pixels 71 in 
the effective display area. The capacitor 64 con- 
sists of the pixel electrode 51 and common elec- 
trode 63. The common electrodes 63 are formed 
along rows of pixels. One end of the common 
electrode 63 is connected to a capacitor drive 
circuit 92. The common electrode 63 is regarded 
as a signal line of the capacitor drive circuit 92, 
and designated as a capacitor signal line Di (i is 1- 
m). The other points of the constitution are the 
same as in Fig. 10, and the driving circuit in the 
third embodiment is achieved by replacing the 
counter drive circuit 16 of Fig. 13 with the capacitor 
driving circuit 92, the description of which will be 
omitted here. The operation of the capacitor driving 
circuit 92 is substantially the same as that of the 
counter drive circuit 16. 

The driving method of the display device in 
Fig. 12 will be discussed now with reference to Fig. 
19. The capacitor driving circuit 92 is supposed to 
output Vbp, Vbn and GND voltages to the Di signal 
line, for the purpose of simplification of the descrip- 
tion. Although GND voltage is naturally lower than 
the common voltage, it is easier to understand the 
invention if GND voltage is 0V, and therefore, GND 
voltage is set to be 0V here. Vbn is a negative- 
polarity voltage and Vbp is a positive-polarity volt- 
age. 

The capacitor drive circuit 92 turns the poten- 
tial of the capacitor signal line Di to GND. The 
source drive circuit 15 writes a positive-polarity 
voltage Vp to the pixel electrode 51. As a result, 
the voltage impressed to the liquid crystal layer 53 



becom s V1=Vp. One horizontal scanning period 
(1H) later, the capacitor driv circuit 92 outputs th 
negative-polarity voltage Vbn to the capacitor Di. 
As described in the foregoing embodiment, C1c is 

5 smaller than Ca, e.g., to satisfy Clc:Ca = 1:9. Al- 
though the negative-polarity voltage Vbn is divided 
and supplied to the capacitors C1c and C1 accord- 
ing to the expression (1), most of the voltage is 
impressed to C1c. Therefore, the voltage im- 

70 pressed to C1c is approximately Vp + Vbn. 

In writing the negative-polarity voltage Vn to 
the pixel electrode 51, the capacitor driving circuit 
92 generates GND voltage to the capacitor signal 
line Di. One horizontal scanning period (1H) later, 

75 then, the capacitor driving circuit 92 outputs the 
positive-polarity voltage Vbp to the capacitor signal 
line Di. In other words, the voltage of approximately 
Vn + Vbp is impressed to the pixel electrode 51. 
Vn + Vbp or Vp + Vbn voltage is alternately im- 

20 pressed to the pixel electrode 51 per field, that is, 
the pixel electrode 51 is driven by an alternating 
current voltage. 

In the above description, the capacitor drive 
circuit 92 generates GND voltage and thereafter 

25 generates Vpn or Vbp voltage one horizontal scan- 
ning period (1H) later. However, the time is not 
restricted to one horizontal scanning period, and 
may be, for instance, two horizontal scanning 
periods (2H). In that case, however, the effective 

30 voltage impressed to the pixel electrode 51 is 
slightly lowered. Although GND voltage is first out- 
put to the capacitor signal line Di followed by Vbn 
or Vbp voltage in the above embodiment, the driv- 
ing method is not restricted to this. For example, 

35 when the positive-polarity voltage Vp is to be writ- 
ten in the pixel electrode 51, the positive-polarity 
voltage Vbp is impressed to the capacitor signal 
line Di and, the negative-polarity voltage Vbn may 
be subsequently added to the capacitor signal line 

40 Di one horizontal scanning period later. Outputting 
of GND voltage becomes unnecessary, but the 
control of voltages becomes difficult. 

In the foregoing embodiments, the display con- 
trast is improved by increasing the film thickness of 

45 the liquid crystal layer 53. That is, the invention in 
the foregoing embodiments is based on the idea 
that the thickness of the crystal liquid layer 53 is 
increased a relatively high voltage is required to 
pass the light through the thick liquid crystal layer 

so 53 the Striped electrodes, etc. are employed -* 
a high voltage is impressed to the liquid crystal 
layer 53 — accordingly the display contrast is 
improved. 

In the meantime, as the present invention aims 
55 also to prevent the secondary scattering light to 
solve the demerit that the display contrast of the 
, polymer dispersion liquid crystal display device is 
low, a method for preventing the secondary scatter- 
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ing light will be described together with the con- 
stitution thereof. 

An exampl of a display device to achieve the 
above aim is shown in Fig. 22. The light modulation 
layer 53 is held between a substrate 178 at the 
entering side and a substrate 179 at the projecting 
side of light. The projecting substrate 179 is ob- 
tained by optically coupling a transparent plate 
(glass plate or the like) with the array substrate 1 1 , 
more specifically, bonding the plates via a trans- 
parent material having approximately the same re- 
fraction of index as that of the array substrate. 

Supposing that slim parallel lights are cast only 
to a minute area 172 centering a point A within the 
display area without a voltage impressed to the 
light modulation layer 53, the light incident upon 
the minute area 172 is scattered as a scattering 
light 173a. The scattering light reaches to a plane 
of projection 176. When the angle 00 between the 
plane of projection 176 and the scattering light 
173a is not larger than the critical angle, ,the light 
becomes a penetrating light 174. If the angle 00 is 
not smaller than the critical angle, the light is 
reflected as a reflecting light 175. The reflecting 
light 175 enters the light modulation layer 53 again, 
and in consequence, a scattering light 173b is 
projected forward. In other words, a secondary light 
source is produced for the light modulation layer 
53. When the reflecting light 175 enters the light 
modulation layer 53 and is scattered as above, this 
phenomenon is called as a "secondary scattering" 
and the resultant light is the secondary scattering 
light. 

The luminance distribution of the light re-pro- 
jected from the light modulation layer 53 is sym- 
metric to the center of rotation of the minute area 
172, representing a light ring 181 as shown in Figs. 
23 and 24. 

The light ring 181 appears in the vicinity where 
the light is projected from the minute area 172, 
reflected at the plane of projection 176 with the 
critical angle 6 and again returned to the light 
modulation layer 53. This is understandable from 
the fact that when the reflecting angle is not larger 
than the critical angle, the light becomes the pene- 
trating light 174, whereby the amount of the reflect- 
ing light of a sufficiently larger angle than the 
critical angle is reduced. Assuming that the index 
of refraction n of the substrate 179 is 1.52, since 
the index of refraction of the air is 1 .0, the critical 
angle 6 holds 0=sin _1 (1/n) = sin~ 1 (1/1.52). 

As shown in Figs. 23 and 24, when the sub- 
strate 179 is relatively thin, the diameter 2r of the 
light ring 181 is smaller than the length of a diag- 
onal d of the effective display area 182. As a result, 
the light ring 181 is formed within the effective 
display area 182, lowering the display contrast. 
When the substrate 179 is thick as shown in Figs. 



25 and 26, the diameter 2r of the light ring 181 is 
larger than the diagonal length d of the effective 
display area, that is, th reflecting light 175 enters 
a light absorbing film 171 formed in an area other 

5 than the effective display area (referred to as an 
ineffective area) and is absorbed by the film 171. 
The light absorbing film 171 is formed of, e.g., a 
black paint or the like. 

When the thickness of the substrate 179 is t, 

10 the diameter of the light ring 181 becomes larger 
than the diagonal length d of the effective display 
area on the condition: 



(t/d£(1/4)V(n 2 -1) (2) 

75 

When n = 1 .52 is substituted in the expression (2), 
t/d is approximately 0.3. 

The effect is actually confirmed as indicated in 
Fig. 45. The luminance of the light modulation layer 

20 is measured from the projecting side by casting 
parallel beams to the panel, as in Fig. 44. The 
luminance B is obtained when the thickness t of 
the projecting substrate 179 is considerably small 
as compared with the diagonal length d of the 

25 effective display area, concretely, t = 1mm and 
d = 55mm. The luminance Be is when the thickness 
t of the substrate is changed. In Fig. 45, the axis of 
ordinate indicates the ratio of the luminance, i.e., 
Be/B and the axis of abscissa shows the relative 

30 thickness of the substrate t/d. As is clear from Fig. 
45, the ratio becomes constant when t/d = 0.3. 
When t/d<0.3, the ratio of the luminance is de- 
creased large. 

That the luminance ratio is small means the 

35 high display contrast. According to Fig. 45, the 
improving effect of the contrast is sufficient when 
t/d = 0.25-0.3 or higher. Moreover, even when 
t/d =0.1 5 which is half the value detected from the 
expression (2), it is practically effective. Therefore, 

40 t/d is preferably not smaller than 0.15 when the 
index of refraction n of the substrate is 1.52, more 
favorably 0.3 or larger. From this, even merely half 
the value of the condition defined in the expression 
(2) generates no problem in practical use. The 

45 relationship between the thickness t of the sub- 
strate 179 and the diagonal length d of the effective 
display area should satisfy an expression (2') be- 
low: 



so (t/d£(1/8)V(n 2 -1) (2') 

When the scattering light from one pixel enters 
the other pixel which is naturally to be a black 
display, a secondary light source is formed at the 
55 other pixel because of the diffusion and reflection 
of the light, whereby the luminance of the other 
pixel is undesirably increased, resulting in the dete- 
rioration of the display contrast. As such, the dis- 
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play contrast is improved if th thus-caus d secon- 
dary scattering light is absorbed by the black paint 
171. The present invention realizes this technical 
concept by a transparent substrate 212 or the like. 

The poor display contrast of images by a pro- 
jection-type display apparatus using the foregoing 
display device as a light valve results from the 
above-discussed mechanism, as well as the insuffi- 
cient scattering efficiency of the light modulation 
layer 53. In accordance with the increase of the 
thickness t of the projecting substrate 179, the rise 
of the luminance by the secondary scattering light 
is controlled. Therefore, if the thickness of the 
projecting substrate 179 is increased, the display 
contrast is improved. 

The above description is related to the projec- 
ting substrate 179, but the same goes true also for 
the light entering the minute area 172 and reflected 
to the entering side. That is, the reflecting light 
returns to the plane of incidence of the entering 
substrate 178. In this case, the secondary scatter- 
ing light is prevented by increasing the thickness of 
the entering substrate 178. Japanese Patent Ap- 
plication Tokuganhei No. 4-145297 (145297/1992) 
describes the idea in detail. 

The improving effect of the display contrast 
when the projecting face of the projecting substrate 
179 is changed to "a concave surface is investi- 
gated as will be described hereinbelow. Referring 
to Fig. 27, slim parallel lights are cast to the minute 
area 172 from the entering side centering the point 
A of the effective display area without a voltage 
impressed to the light modulation layer 53. At this 
time, the plane of projection 176 of the projecting 
substrate 179 is a concave surface although the 
material of the projecting substrate 179 is not 
changed. Regarding the light coming out from the 
point A on the light modulation layer 53, reflected 
at a point B on the concave surface 176 and 
brought into a point C on the light modulation layer 
53, as the plane of projection 176 is changed from 
a flat surface to a concave surface, the angle of 
incidence of the light entering the point B becomes 
large, thereby increasing the diameter 2r of the 
light ring 181. Accordingly, if the plane of projec- 
tion 176 of the projecting substrate 176 is turned to 
a concave surface, the luminance of the re-projec- 
ted light is decreased, so that the display contrast 
is improved. In comparison with the case where the 
plane of projection is flat, the display contrast is 
improved more even when the center thickness t of 
the substrate is small, and therefore not bound to 
the expression (2'). 

The transparent substrate 212 is obtained by 
optically coupling the counter substrate 12 with the 
array substrate 11. For the optical coupling, for 
example, an ultraviolet curing adhesive is used, 
because many of the adhesives show the index of 



refraction close to that of glass constituting the 
counter substrate 12. However, the coupling ma- 
terial is not limited to the ultraviolet curing adhe- 
sives, but transparent silicone resins, epoxy trans- 

5 parent adhesives, ethylene glycol or the like liquids 
may be employed. An important point is to avoid 
mixing of the air into the optically coupled layer 
when the transparent substrate 212 is bonded to 
the counter substrate 12, etc. The presence of an 

w air layer brings about the abnormality of the image 
quality due to the difference of the index of refrac- 
tion. It is called as an "optical coupling" that the 
transparent substrate 212 is optically bonded with 
the counter substrate 12, etc. 

75 It is desirable that the transparent substrate 

212 is formed of the same material as the counter 
substrate 12, namely, glass. The other transparent 
resins such as acrylic resins, polycarbonate resins 
and the like which have the index of refraction 

20 close to that of glass and are relatively inexpensive 
and moreover, easily formed into an optional shape 
by pressing, etc. may be used. 

The light absorbing film 171 is formed at th 
side face of the transparent substrate 212 with the 

25 use of a black paint or the like. The position of th 
light absorbing film 171 is not restricted to the side 
face of the transparent substrate 212, but is suit- 
able to expand in a wide range of the ineffective 
area except the planes of incidence and projection 

30 of light. 

The distance t from the surface of a transpar- 
ent substrate 212a in touch with the air to the light 
modulation layer 53 is set to satisfy the expression 
(2) when the index of refraction of the transparent 

35 substrate 212a is n and the maximum diameter of 
the effective display area of the panel is d. 

Fig. 39 is a sectional view of the display device 
according to the invention. On the counter sub- 
strate 12 are provided a counter electrode 91 and a 

40 black matrix 221 which is located to face cor- 
responding TFT 61, gate signal line (not shown) 
and source signal line (not shown). Meanwhile, the 
pixel electrode 51 and TFT 61 are formed on th 
array substrate 11. A light shutting film 222 is 

45 formed on TFT 61, for instance, by dispersing 
carbons in an acrylic resin, or an insulating film 
(not shown) is formed on the TFT 61 which is 
further covered with a metallic thin film. The light 
shutting film 222 prevents the light scattered within 

so the liquid crystal layer 53 from entering the semi- 
conductor layer of TFT 61. The light shutting film 
222 is employed in the display devices of Figs. 2 
and 10 as well. The array substrate 11 and the 
counter substrate 12 are sealed in the periphery 

55 thereof by an encapsulation resin 223 via the poly- 
mer dispersion liquid crystal as the light modulation 
, layer 53. The center thickness t of a transparent 
substrate 212b is set to satisfy the expression (2*). 
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As depicted before, the xpression (2 1 ) is not nec- 
essarily held when th transparent substrate 212 is 
a concave lens. 

The effect of the transparent substrate 212 will 
be described. In the case where the transparent 
substrate 212 is not present, the incident light C is 
scattered at the light modulation layer 53 as in- 
dicated by A2 and B2. The scattering light A2 is 
repeatedly reflected inside the counter substrate 12 
and is brought into the light modulation layer 53. 
The light is scattered again and hence becomes a 
secondary light source, decreasing the display con- 
trast. The scattering light B2 is reflected at the 
surface of the array substrate 1 1 in touch with the 
air and introduced into the semiconductor layer of 
TFT 61. The semiconductor layer of TFT 61 is 
excited by this light, therefore working as a 
photoconductor. As a result, TFT 61 leaks, lowering 
the display contrast. 

On the contrary, when the transparent sub- 
strates 212a, 212b are provided, the scattering 
lights A2 and B2 are not generated, but scattering 
lights A1, B1 are formed instead. Since the scatter- 
ing lights A1, B1 are absorbed by the light absorb- 
ing film 171, neither the aforementioned phenom- 
enon that the semiconductor layer functions as a 
photoconductor, nor the secondary scattering light 
is brought about. Accordingly, the display contrast 
is improved. 

In the meanwhile, either one of transparent 
substrates 212a and 212b is enough for practical 
use. Especially, the transparent substrate 212a 
may be omitted. 

The transparent substrate 212 illustrated in Fig. 
39 is a cylinder or plate. However, the transparent 
substrate 212 may be a plano-concave lens as 
shown in Fig. 27. A combination of a plano-con- 
cave lens with a positive lens is conceivable. 

Many modifications are derived from the dis- 
play device of the present invention. Some of the 
modified examples are shown in Figs. 28-38. In 
any of the drawings, the right side is the entering 
side where the transparent substrate 212 and the 
plano-concave lens 214 are optically coupled to the 
liquid crystal panel 211 by a transparent adhesive. 
The light absorbing film 171 is applied to the 
ineffective area of the transparent substrate 212 
and the plano-concave lens 214. In using the 
plano-concave lens 214, a positive lens 213 may 
also be used. Although it is better to dispose a field 
lens at the entering side of the display device so 
as to brighten the periphery of the projected im- 
ages, the positive lens 213 functions as the field 
lens when the plano-concave lens 214 is installed 
at the entering side of the liquid crystal panel 211 
and the positive lens 213 is set adjacent to the 
plano-concave lens 214 at the entering side. 



The display device in any constitution of Figs. 
28-38 shows good image displays, similar to the 
foregoing embodim nts. Th display device from 
the liquid crystal layer 53 to the face in touch with 

5 the air may be formed of one material or a com- 
bination of a plurality of materials. 

A reflection preventing film is disposed at the 
plane of projection or plane of incidence of the 
plano-concave lens 214. The plano-concave lens 

10 214 is formed of an acrylic resin by molding. 
Molding is fit for mass production. As indicated in 
Fig. 27, the thickness of the transparent substrate 

212 is not bound to the expression (2') when the 
transparent substrate 212 is formed of a plano- 

75 concave lens, and the transparent substrate 212 of 
a small thickness can fully prevent the secondary 
scattering light. 

In Fig. 38, the positive lens 213 is arranged 
adjacent to the plano-concave lens 214. The radius 

20 of curvature of one convex face of the positive lens 

213 is equal to that of the concave face of the 
plano-concave lens 214. A thin space of air is 
provided between the concave and convex faces, 
and the above-referred reflection preventing film is 

25 vapor-deposited to the concave face of the plano- 
concave lens 214 and the convex faces of the 
double convex lenses 213. In order to constitute a 
projection-type display apparatus using the display 
device of the present invention, the projecting lens 

30 is so adapted as to form optical images on the light 
modulation layer 53 onto a screen in the assem- 
bled state of the apparatus with the plano-concave 
lens 214 and the positive lens 213, etc. 

The light valve with the light modulation layer 

35 53 of, e.g., polymer dispersion liquid crystal which 
forms optical images as the change of the scatter- 
ing state of light enhances the display contrast 
more when the light modulation layer is close to 
the perfectly scattering state. 

40 As described hereinabove, the thickness t of 
the substrate holds an important relationship to the 
length of the diagonal d of the effective display 
area. If the scattering efficiency of the light modula- 
tion layer 53 is kept at a predetermined value or 

45 higher, the secondary scattering light is prevented 
further more effectively. 

In Fig! 22, the scattering light 173a is reflected 
at the plane of projection 176 and led into the light 
modulation layer 53 again, where the secondary 

50 scattering light is produced. If the scattering effi- 
ciency of the light modulation layer 53 is poor, 
secondary scattering is hardly given rise to, i.e., a 
secondary light source is never produced. 

As the light modulation layer 53 approaches 

55 the perfectly scattering state, secondary scattering 
is generated at a higher rate, and therefore it is 
essential that the thickness t of the projecting sub- 
strate 179 satisfies the condition of the expression 
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(2'). After repeated experiments by the inventors, it 
is confirmed that the prev nting effect of the sec- 
ondary scattering light is striking when G in an 
expression (3) below is not larger than 1.5, more 
appropriately, not larger than 1 .0: 

G = ttB/L (3) 

wherein L is the illuminance of the incident light 
from the entering substrate 179 to the minute area 
172, and B is the luminance measured at the 
minute area 172 through the projecting substrate 
1 79, and Tt is the ratio of circumference of a circle 
to its diameter. 

Before the reason why G in the expression (3) 
is set to be not larger than 1 .5 is explained below, 
an evaluating method of characteristics of the light 
modulation layer 53 will be first described. 

Referring to Figs. 40, 41 indicative of the evalu- 
ating method referred to above, 21 1 is the display 
device without the transparent substrate 212, while 
224 is the display device with the transparent sub- 
strate 211 mounted to the display device 211. A 
light source 231 emits generally parallel lights to 
the display device. The luminance of the minute 
area of the light modulation layer 53 is measured 
by a luminance meter 232. 

In a case wherein the display device 21 1 is of 
reflection type, the parallel light source 231 is to be 
arranged in a direction is which the luminance 
meter 232 is arranged. 

By projecting parallel lights to the display de- 
vices 211, 224 from the light source 231, the 
luminance of the minute area of the light modula- 
tion layer is measured while the angle 0 of the 
luminance meter 232 is changed. The distance x 
should be sufficiently long in order to avoid the 
difference in the optical distance between Figs. 40 
and 41 due to the presence of the transparent 
substrate 212. The measuring result of the lu- 
minance is shown in Fig. 42, in which 251 is a 
curve of the luminance-angle (B-0) (referred to as a 
B-0 curve) of the display device of Fig. 40, and 252 
is a B-0 curve of the display device shown in Fig. 
41. The luminance B is reduced in the display 
device of Fig. 41, because the secondary scatter- 
ing light is restricted by the transparent substrate 
212. The difference of the curves 251 and 252 is 
enlarged as the scattering efficiency of the light 
modulation layer 53 is improved. 

The panel gain G is calculated from the ex- 
pression (3) with using the luminance B and the 
illuminance L measured at the plane of incidence 
of the light valve when 0 = 0 in the B-0 curve. 

The ratio of the luminance of the display de- 
vices of Figs. 40 and 41, i.e., B2/B1 when 0=0 is 
detected and, the decreasing ratio of the luminance 
D ( = B2/B1) is calculated. The relationship of the 



decreasing ratio D and the panel gain G has such 
an inclination as is represented in a curve in Fig. 
43 (referred to as a D-G curv hereinafter). 

In Fig. 43, the decreasing ratio D is small when 

5 the panel gain G which was calculated using values 
measured in the experimental system shown in Fig. 
4 according to the expression (3) is 1.5 or larger, 
and suddenly increases when the panel gain G is 
not larger than 1 .0. In other words, the panel gain 

w G is desirably not larger than 1 .5, and more prefer- 
ably, not larger than 1 .0. 

When the display device of the invention is 
used as a light valve for a projection-type display 
apparatus, the display/ contrast CR is expressed as 

75 follows: ' 

CR = 4FT/G (4) 

The panel gain G in the expression (4) is 

20 calculated in accordance with the expression (3). F 
is the effective F-number of the projecting lens 
(referred to as FNo) and T is the transmittance 
when the maximum voltage is impressed to the 
light modulation layer 53 as the light valve. Th 

25 transmittance T is generally 0.7-0.9. The transmit- 
tance is reduced by the reflectivity of ITO constitut- 
ing the counter electrode and the absorption coeffi- 
cient of the light modulation layer 53, etc. 

The above expressions (3), (4) will be ex- 

30 plained more in detail. 

At first, the expression (3) is explained. 
Supposing that the illuminance of the light 
modulation layer 53 of the display device when the 
parallel beams are brought into the light modulation 

35 layer 53 is L, the luminance B is obtained by 
dividing the illuminance L by n. If the decreasing 
ratio of the luminance due to the scattering of light 
at the light modulation layer 53 is defined as the 
panel gain G, the panel gain G becomes smaller as 

40 the scattering efficiency of the light modulation 
layer is better. From the above, the luminance B of 
the light modulation layer 53 is expressed by: 

B = GL/t7 (a) 

45 

The expression (3) is a transformation of the ex- 
pression (a). 

Next, the expression (4) is explained. 

Given that an image of a light emitting body 
so with the luminance Bo is projected to a screen 
(image forming face) by a projecting lens having 
FNo = F, th illuminance of the screen L (illumi- 
nance of the image forming fac ) is obtained from 
a general optical theoretical formula (b) below: 

55 

L = (7rB0)/(4F2) (b) 

i 

Since the luminance of the panel is B = GLAr ac- 
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cording to the expression (a), the luminanc B of 
the light modulation layer 53 when scattering th 
light is obtained by substituting the formula (b) into 
the expression (a): 

B = (GBo)/(4F 2 ) (c) 

The luminance Bt of the light modulation layer 
53 when the light modulation layer 53 transmits 
light is: 

Bt = BoT (d) 

in which T is the transmittance of the light modula- 
tion layer 53. Since the display contract CR is the 
ratio of the luminance B (black indication) and Bt 
(white indication), an expression (e) is held: 

CR = Bt/B = 4PT/G (e) 

Thus, the expression (4) is obtained. 

When the panel gain G is 0.5, the transmitting- 
type light modulation panel is in the perfectly scat- 
tering state. If the decreasing ratio of the luminance 
is supposed to be 0.5 when G=0.5, the practically 
effective panel gain is 0.5x0.5 = 0.25. The panel 
gain when the decreasing ratio of the luminance D 
because of the preventing effect of the secondary 
scattering light by the transparent substrate, etc. is 
taken into consideration will be referred to as an 
effective panel gain G\ 

When the panel gain G is not larger than 1.5, 
suitably, not larger than 1 .0, the decreasing ratio of 
the luminance D becomes high and the effective 
panel gain G' is reduced. Since the effective panel 
gain G' is replaceable as G = G' in the expression 
(4), accordingly, the display contrast is improved 
when the display device of the present invention is 
used as the light valve in the projection-type dis- 
play apparatus. 

In order to keep the panel gain G not larger 
than 1.5, it is necessary to improve the scattering 
efficiency of the light modulation layer 53 so that 
the light modulation layer is close to the perfectly 
scattering state. The perfectly scattering state may 
be achieved by <1> the development of the material 
of the light modulation layer 53, and <2> making the 
light modulation layer 53 thick. Although the meth- 
od <1> is proper to improve the scattering efficiency 
without changing the thickness and the driving volt- 
age of the light modulation layer 53, the develop- 
ment of the material is not so easy. On th other 
hand, the method <2> is readily carried out, be- 
cause it is enough to increase the thickness of the 
light modulation layer 53. However, a higher volt- 
age becomes necessary for the light modulation 
layer 53 to transmit light if the thickness of the 
layer is increased. For example, when the ratio of 



the polymer and liquid crystal in the polym r dis- 
persion liquid crystal is approximately 4:6, and the 
liquid crystal is a nematic liquid crystal, if the liquid 
crystal is 12um thick, the panel gain G is approxi- 

5 mately 1 .8 and the driving voltage is 6V. When the 
thickness of the liquid crystal is 20um, the panel 
gain G is slightly larger than 0.8, and the driving 
voltage is 10V. An example of the relationship of 
the driving voltage V with the panel gain G is 

w indicated in Fig. 46. 

As a standard, the impressing voltage is limited 
within ±6-7V, one reason for which is the driving 
power of the source drive IC 15 for outputting video 
signals to pixel electrodes. 

75 The driving voltage should be not smaller than 
7V or not smaller than 9V in order to obtain the 
panel gain G of not larger than 1.5 or not larger 
than 1.0, respectively. Since 10V or the like voltage 
is easily impressed to the liquid crystal layer 53 in 

20 the display device shown in Figs. 2, 10 and accord- 
ing to the driving method of the display device of 
the invention, when the striped electrodes 41 are 
employed as in Figs. 2, 10, etc., 10V or higher 
driving voltage is attained, thus making the panel 

25 gain not larger than 1.5. If the transparent substrate 
212 shown in Fig. 39 is optically coupled to the 
panel, the effective panel gain G f is advantageously 
decreased. In other words, the display device of 
the invention realizes the good display contrast. 

30 Naturally, if the panel gain can be made not larger 
than 1.5 without using the striped electrodes, this 
enables the good display contrast. Likewise, the 
good display contrast is achieved in the constitu- 
tion of Fig. 12 because a high voltage is impressed 

35 to the liquid crystal layer 53. 

When the arrangement using striped electrodes 
41 as in Fig. 1, etc. is employed, a high voltage 
can be impressed to the liquid crystal layer 53. 
Although it is more or less difficult, the pre-stage 

40 gate system shown in Fig. 9 alike allows the im- 
pression of a high voltage, i.e., approximately 10V 
to the light modulation layer 53. However, since the 
voltage impressed to the gate signal lines is in- 
creased, the display device may be deteriorated 

45 due to the voltage resistance of TFTs 61. The 
display device of Fig. 1 shows no deterioration 
resulting from the voltage resistance of TFTs. 

An equivalent circuit diagram of the aforemen- 
tioned pre-stage gate system is indicated in Fig. 

50 11. It is to be noted, however, that the counter 
drive circuit 16 is not necessary and the striped 
electrodes 41 are the counter electrode 91 (not 
shown) common to all the pixels, in the pre-stage 
gate system. 

55 Fig. 15 illustrates how to impress a high volt- 

age to the liquid crystal layer 53 in the constitution 
of, Fig. 11. A solid line is the voltage waveform at a 
gate of TFT 61 and a broken line shows the volt- 
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age waveform at a gate of the pre-stage constitut- 
ing the capacitor 64. Imm diately after TFT 61 is 
turned off, the voltage is decreased by dV1, dV4 
because of the penetration. Then, the voltage is 
compensated by dV2, dV5 from compensation vol- 
tages Ve( + ), Ve(-) indicated by broken lines. Ac- 
cordingly, the voltage is biased by V( + ), V*(-) to 
the counter voltage Vt and the center Vsc of the 
signal voltage set at the same potential. 

The gate drive IC 14 outputs signals of four 
levels, namely, Ve( + ), Ve(-) for compensating the 
penetration voltage generated by the parasitic ca- 
pacity of TFT 61 , in addition to the ON, OFF levels 
of TFT 61 during the normal driving. By optimizing 
the intermediate level of the two compensation 
voltages, the source signal, the pixel electrode and 
the counter electrode (fixed) can be driven at the 
same center potential. 

The amplitude of the two compensation vol- 
tages (V* = Ve(+) + Ve(-)) is effective to impress a 
bias voltage to the liquid crystal layer 53. There- 
fore, if the amplitude is set at the optimum value, 
the sufficient contrast is obtained by the maximum 
amplitude 6V of the source signal. For instance, in 
order to impress 1 10V to the liquid crystal layer 53, 
the maximum amplitude of the source signal line 
may be 6V when ±4V bias is added, according to 
(Ve( + ) + Ve(-). The driving method as above is 
called as a "bias driving". 

For impressing a relatively high voltage to the 
liquid crystal layer 53, "1H counter inversion driv- 
ing" may be carried out. According to the 1H 
counter inversion driving, simultaneously when sig- 
nals are written in a row of pixels every 1H, the 
polarity of the potential of the counter electrode 91 
is inverted. Although this driving method is disad- 
vantageous in the increasing consuming power of 
the counter electrode and shortening of the life of 
the panel, the method is employable as a driving 
method of the display device of the present inven- 
tion. 

As above, there are methods to impress a 
relatively high voltage to the liquid crystal layer 53 
without using the arrangement employing the strip- 
ed electrodes 41 (namely, "bias driving", "1H 
counter inversion driving" methods). The good dis- 
play contrast is fulfilled by satisfying the aforemen- 
tioned driving method, the constitution exemplified 
in Figs. 28 to 38 and G<1.5 in the expression (4). 

Since a polarizing plate is not used to modu- 
late light in the display device of the present inven- 
tion, images are obtained with high luminance. 
Moreover, since such an arrangement as permits 
easy impression of a high voltage to the liquid 
crystal layer 53 is employed, images can be dis- 
played with high contrast. It is natural and needless 
to say that the display contrast is improved further 
owing to the preventing effect of the secondary 



scattering light by the transparent substrat 179, in 
addition to th mployment of the strip d elec- 
trodes allowing easy impression of a high voltage 
as above. 

5 The transparent substrate 179 is useful to pre- 

vent the secondary scattering light. The panel gain 
G is desirably 1.5 or smaller, more suitably not 
larger than 1 .0 in order to fully attain the preventing 
effect of the secondary scattering light. Although it 

10 will be described later, the panel gain G is neces- 
sary to be 1.5 or lower also for the purpose of 
obtaining the practically sufficient display contrast 
CR. Although 1.5 or lower panel gain requires at 
least 7V or higher voltage for the liquid crystal 

75 layer 53, the display device in Fig. 1, etc. has 
striped electrodes 41 and accordingly, makes it 
possible to impress a high voltage to the liquid 
crystal layer 53 without enlarging the signal am- 
plitude of the source drive circuit 15. 

20 In the present specification as above, roughly 

three types of invention are devised for the display 
device, that is, display devicd of a first type with 
striped electrodes, display device of a second type 
with the transparent substrate 179 or 212 and re- 

25 alizing the panel gain of G<1.5, and display device 
of a third type as a combination of the first and 
second types of display device. 

Now, a projection-type display apparatus of the 
invention will be discussed with reference to the 

30 corresponding drawings. Fig. 50 is a structural dia- 
gram of the projection-type display apparatus, with 
unnecessary parts omitted. 

In Fig. 50, 321 is a condensing optical system 
having a concave mirror and a metal halide lamp or 

35 xenon lamp as a light generating means therein- 
side. The arc length of the lamp should be not 
smaller than 3mm and not larger than 6mm. The 
arc length of an about 250W metal halide lamp is 
approximately 6.5mm. and that of 150W or so is 

40 approximately 5mm. The concave mirror is de- 
signed at a suitable value in accordance with the 
arc length of the lamp, which is an elliptical or 
parabolic mirror. 322 is a UVIR (ultraviolet and 
infrared radiation) cut filter reflecting infrared and 

45 ultraviolet rays while transmitting only the visible 
light therethrough. 323a is a dichroic mirror for 
reflecting the blue light (referred to as BDM), like- 
wise, 323b is a dichroic mirror for reflecting the 
green light (GDM), and 323c is a dichroic mirror for 
so reflecting the red light (RDM). The arranging order 
from BDM 323a to RDM 323c is not limited to that 
shown in Fig. 50. Needless to say, th terminal 
RDM 323c may be exchanged with a total reflec- 
tion mirror. 

55 212 is the display device of the invention 

shown in Fig. 2 or 10. When the polymer disper- 
, sion crystal liquid is used for the light modulation 
layer 53, the particle size of the liquid crystal in the 
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light modulation layer for modulating R light is set 
larger than that of the light modulation layers for 
modulating G and B lights, or the thickness of th 
R light modulation layer is made larger, from the 
reason that the scattering efficiency of the light 
modulation layer is lowered to decrease the display 
contrast when the light is of a longer wavelength. 
The particle size of the liquid crystal is controlled 
by controlling the ultraviolet light at the time of 
polymerization or changing the material. At the 
same time, the thickness of the liquid crystal layer 
is adjustable by changing the diameter of beads in 
the liquid crystal layer 53. 324 is a lens, 326 is a 
projection lens and 325 is an aperture, A projecting 
optical system is constituted of the lens 324, pro- 
jection lens 325 and aperture 325. The aperture 
325 is indicated to explain the operation of the 
projection-type display apparatus. Since the ap- 
erture 325 regulates the converging angle of the 
projection lens, it may be considered as included 
within the function of the projection lens. In other 
words, it can be said that the diameter of the 
aperture 325 is small when FNo of the projection 
lens is large. FNo of the projection lens is better to 
be large to obtain high contrast displays. However, 
the large FNo decreases the luminance of the 
white display. 

The operation of the projection-type display 
apparatus of the invention in the above-described 
constitution will be depicted below. Since each 
modulating system for R, G, B light operates in the 
same fashion, the modulating system for B light 
will be explained by way of example. In the first 
place, the white light is emitted from the condens- 
ing optical system 321 . B light components of the 
white light are reflected by BDM 323a. The B light 
enters the display device 212a which in turn con- 
trols the incident light to be scattered or transmit- 
ted in accordance with the signals impressed to the 
pixel electrodes (referring to Figs. 56, 57), thereby 
modulating the light. 

The scattering light is shut by the aperture 
325a. The parallel light and light within a predeter- 
mined angle are allowed to pass through the ap- 
erture 325a. The modulated light is magnified and 
projected onto a screen (not shown) by the projec- 
tion lens 326a. In the manner as above, B light 
components of the image are displayed on the 
screen. Similarly, the display device 212b modu- 
lates the light of G light components, the display 
device 212c modulating the light of R light compo- 
nents. The lights modulated by the three display 
devices form a color image on the screen. Fig. 53 
shows a projection-type display apparatus in which 
the display device 212 in Fig. 50 is replaced with a 
display device 224 in Figs. 28 to 38. Since the 
other points of the constitution are the same as in 
Fig. 50, the detailed description will be abbreviated. 



In the case where the transparent substrate 212 of 
the display device 224 is the plano-concave lens 
214 or the like, the projecting optical system 
should be formed with the angle of refraction of the 

5 lens taken into consideration. The display device 
224 may be such as shown in Fig. 22 or either one 
of Figs. 28 to 38. 

Fig. 50 indicates the case where the image is 
projected onto the screen on an enlarged scale by 

w three projection lenses 326. It is also possible to 
magnify and project the image by one projection 
lens. The constitution in this case is shown in Fig. 
51, wherein display devices 21 2R, 21 2G, 21 2B are 
the same as employed in Fig. 50. 

75 Referring to Fig. 51, 21 2G is a display device 

for displaying images of G light, 21 2R a display 
device for displaying images of R light and 21 2B a 
display device for displaying images of B light. The 
wavelength of the light transmitted and reflected by 

20 each dichroic mirror is as follows. The dichroic 
mirror 332a reflects R light, but transmits G and B 
lights. The dichroic mirror 332c reflects G light and 
transmits R light, while the dichroic mirror 332b 
transmits B light and reflects G light. The dichroic 

25 mirror 332d reflects B light, while passing G and R 
lights. 

The light emitted from the metal halide lamp is 
reflected by the total reflection mirror 331a, so that 
the direction of the light is changed. The light of 
30 the wavelength in the ultraviolet and infrared region 
is then cut by the UVIR cut filter 322. The cut light 
is separated by the dichroic mirrors 332a, 332b 
into three optical paths of three primaries, i.e., R, G 
and B. As a result, R light enters the field lens 
35 333R, G light and B light respectively entering the 
field lenses 333G and 333B. Each field lens con- 
denses the light, and the display device 212 
changes the orientation of the liquid crystal cor- 
responding to the respective video signals thereby 
40 to modulate the light. The modulated R, G, B lights 
are synthesized by the dichroic mirrors 332c, 332d 
and projected to the screen (not shown) by the 
projection lens 334. 

In a projection-type display apparatus in Fig. 
45 54, the display device 212 of Fig. 51 is replaced 
with the display device 224 of one of Figs. 28 to 
38. The other points of the constitution are the 
same as in Fig. 51, the description of which will be 
abbreviated here. However, if the transparent sub- 
so strate 212 of the display device 224 is the plano- 
concave lens 214 or the like, a projection lens 334 
should be designed while the angle of refraction of 
the lens is taken into consideration. The display 
device 224 may be as shown in Fig. 22 or one of 
55 Figs. 28 to 38. 

Fig. 52 is a diagram showing the structure of a 
reflecting projection-type display apparatus in one 
embodiment. 345 is a reflecting display device 
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which is realized by forming the pixel electrod s 51 
of the display device in Fig. 7 or the like as 
reflecting electrodes with using metallic thin films, 
etc. A light source 341 is composed of a lamp 
341a, a concave mirror 341b and a UVIR cut filter 
341c. The lamp 341a is a metal halide lamp. The 
concave mirror 341b is formed of glass, having a 
multi-layered film vapor-deposited on the reflecting 
surface to reflect the visible and infrared light. The 
visible light included in the light emitted from the 
lamp 341a is reflected at the reflecting surface of 
the concave mirror 341b. The reflecting light from 
the concave mirror 341b is projected after the 
infrared and ultraviolet rays are removed therefrom 
by the filter 341c. 

The projection lens 342 consists of a first lens 
group 342b at the side of the display device 345 
and a second lens group 342a at the side of the 
screen. A plan mirror. 343 is interposed between 
the first and second lens groups 342b and 342a. 
Half of the scattering light projected from pixels at 
the center of the screen of the display device is, 
through the first lens group 342b, introduced into 
the plan mirror 343, and the remaining half enters 
the second lens group 342a without passing the 
plan mirror 343. The normal of the reflecting sur- 
face of the plan mirror 343 is inclined 45° to an 
optical axis 346 of the projection lens 342. 

The light from the light source 341 passes the 
first lens group 342b after being reflected by the 
plan mirror 343 and enters the display device 345. 
The reflecting light from the display device 345 
reaches a screen 347 passing from the first lens 
group 342b through the second lens group 342a. 
The light beams coming out from the center of the 
aperture of the projection lens 342 to the display 
device 345 are made telecentric so as to enter the 
liquid crystal layer 53 approximately at right an- 
gles. 

In Fig. 52, 345b, 345c and 345a are the display 
devices for modulating G light, B light and R light, 
respectively. 

Referring again to Fig. 52, a dichroic mirror 
344 serves both as a color synthesis system and 
as a color separation system. The white light pro- 
jected from the light source is bent by the plan 
mirror 343 and guided into the first lens group of 
the projection lens 342. At this time, unnecessary B 
light and R light are cut by the filter 341c. The filter 
341c has 430-690nm band width in the half-width. 
Hereinafter, the band width of light will be de- 
scribed in the half-width. The dichroic mirror 344a 
reflects G light, and transmits R and B lights. After 
the band width of G light is regulated by th 
dichroic mirror 344c, G light enters the display 
device 345b. The band width of G light is rendered 
510-570nm. On the other hand, the dichroic mirror 
344b reflects B light, passing R light. B light is 



brought into the display d vice 345c and R light is 
sent to th display device 345a. 

The band width of the incident B light is 430- 
490nm, while that of the incident R light is 600- 
5 690nm. The display devices form optical images 
corresponding to the respective video signals as 
the change of the scattering state. The optical 
images formed by the display devices are color- 
synthesized by the dichroic mirror 344, brought 

w into the projection lens 342 and magnified and 
projected onto the screen 347. The band widths of 
R, G, B lights, etc. are almost common in the 
embodiments of the projection-type display appara- 
tus of the present invention. 

75 Fig. 55 is a projection-type display apparatus 

wherein the display device 345 in Fig. 52 is re- 
placed with a display device 371 . More specifically, 
the transparent substrate 179, 212 or 214 is opti- 
cally coupled to the plane of incidence of the 

20 display device 345. Since the other points of the 
constitution are the same as in Fig. 52, the descrip- 
tion thereof will be abbreviated. 

As is described hereinabove, when the reflect- 
ing display device is used, in comparison with the 

25 projection-type display apparatus of Fig. 50 or 51, 
the display apparatus realizes the favorable display 
contrast, high numerical aperture and high lumi- 
nance. Moreover, since there is no obstruction at 
the rear face of each display device, the panel is 

30 cooled easily, e.g., forcibly cooled by air. A heat 
sink or the like can be readily installed at the rear 
face of the display device. 

Although the light is separated to three primar- 
ies, i.e., R, G and B lights by the dichroic mirror 

35 according to the projection-type display apparatus 
of the invention, the invention is not limited to this, 
and a dichroic filter or a dichroic prism, etc. may 
be employed. 

Hereinafter, features of the projection-type dis- 

40 play apparatus common to the embodiments will 
be described. The arc length and consuming power 
v of the lamp, the size of the panel, the display 
contrast and the like will be first depicted. 

If the liquid crystal layer 53 of the display 

45 device is to be driven with ±10V, it becomes possi- 
ble to manufacture the device having the panel 
gain G of 0.8 or lower. When the transparent sub- 
strate 179 or the like is mounted to the panel of 0.8 
panel gain, with taking the decreasing ratio of the 

so luminance D into consideration, the effective panel 
gain G becomes as close as 0.5. In the projection- 
type display apparatus using the effective panel 
gain G', the display contrast is as follows: 



i From the expression (5), the relationship of 
FNo and the display contrast CR is represented in 



55 CR = 4F 2 T/G' (5) 
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a graph of Fig. 49, in which T = 0.75. 

When the effective F-number (FNo) of the pro- 
jecting optical system is not smaller than 5, CR 
becomes not smaller than 150. If the effective F- 
number is not smaller than 7, CR becomes 250 or 
higher, according to the expression (5). 

The consuming power of the lamp is an impor- 
tant factor to introduce the projection-type display 
apparatus onto the market as a home TV. The 
currently available 30-inch TVs of a direct view 
type in the NTSC system consume not larger than 
200W. Although the projection-type display appara- 
tus of the invention aims a larger display than the 
current TVs, the consuming power should be sup- 
pressed to 300W or smaller. That is, the consum- 
ing power of the lamp should be 250W or smaller, 
more preferably 150W or so, except for the power 
required by a video signal processing circuit, etc. 

Besides the consuming power, the lamp is 
subject to the arc length. The arc length of a 250W 
metal halide lamp manufactured by Matsushita 
Electronics Inc. is 6.5mm. Some of 150W metal 
halide lamps developed by Iwasaki Electricity Co., 
Ltd. have larger than 5.0mm arc length. The lu- 
minance of these kinds of lamps is approximately 
1.2x10 3 nt. Although the luminance is increased by 
shortening the arc length while maintaining the 
consuming power constant, the life of the lamp 
becomes shortened. 

If the projection-type display apparatus is to be 
used in a home TV, because of the difficulty in 
exchanging the metal halide lamp, the lamp should 
have a long life. The metal halide lamp with 
1.2x10 3 nt luminance has gradually extended its 
service life, but there is no knowing when the long 
life is realized even if the arc length is small. 

The spreading angle (FNo) of the illuminating 
light will now be considered. The above spreading 
angle is the FNo of light (FNo) incident upon the 
display device. It is now assumed that (1) both the 
surface of the light valve and the surface of the 
screen show the uniform illumination distribution, 
(2) an arc generating body of the lamp is a perfect 
diffusion cylindrical light source with dl_ length and 
dW width, and (3) </>s = t.i?.<f>L is held wherein t is 
the transmitting efficiency determined by the inter- 
facial loss, the transmittance of the liquid crystal 
panel and the color separating efficiency of the 
dichroic mirror and the like, and j\ is the condens- 
ing efficiency of an optical system 4>s reaching the 
screen when t = 1.0, and <f>L is the total bundle of 
rays of the lamp. 

Noting the bundle of rays, the screen illumi- 
nance Es is represented by an expression (6): 



of the lamp, d(m) is the ffective length of the 
diagonal of the panel, K is the area coefficient 
(K = 0.48 when th screen siz of the panel is 4:3, 
and K = 0.43 when the screen size is 16:9), m is the 
5 magnification, r\ is the condensing efficiency of 
light, and t is the transmitting efficiency. 

Meanwhile, noting the luminance of the arc 
generating body, the screen illuminance Es* is ex- 
pressed by the following expression (7): 

10 

Es 1 = (7rB L t)/(4m 2 Fo 2 ) (7) 

in which B L (nt) is the luminance of the arc generat- 
ing body and Fo is the effective FNo of the illu- 

75 minating light. 

Further, the luminance B L of the luminescent 
body is represented by an expression (8) in which 
dW is the effective width of the luminescent body 
and dl_ is the effective length of the luminescent 

20 body: 

B L = *L/(* 2 dLdW) (8) 

The effective FNo (Fo) of the illuminating light 
25 is hence obtained from the above formulae (6), (7) 
and (8) according to an expression (9) below: 

Fo 2 = (KD 2 )/(4 7 n ? dWdL) (9) 

30 The using efficiency of light is decreased un- 

less the conversing angle (FNo) of the illuminating 
light is approximately agreed with the converging 
or condensing angle (FNo) of the projection lens, 
because the light is bound to a larger FNo. As 
35 such, FNo of the illuminating light is made agreed 
with FNo of the projection lens in the projection- 
type display apparatus of the present invention. 

Fig. 48 indicates the relationship of the effec- 
tive FNo of the illuminating light, the arc length of 
40 the lamp, namely, length of the luminescent body 
and the length of the diagonal of the panel. Fig. 48 
is obtained with the use of the expression (9) 
supposing that K = 0.43 and 7f = 0.5. The arc length 
5mm is based on dW = 2mm, dL = 5mm of a 150W 
45 lamp. The other arc length is calculated in propor- 
tion to the aspect ratio dW:dL 

In Fig. 48, as the panel size becomes smaller, 
the diagonal length of the panel d is decreased if 
the arc length is the same. Therefore, it is neces- 
50 sary to reduce FNo of the illuminating light when 
the diagonal length of the panel d is decreased. If 
the panel size becomes large, th system size of 
the projection-type display apparatus is disadvanta- 
geously increased. At the same time, if the length 
55 of the diagonal of the panel d becomes smaller, an 
increasing bundle of rays enters the display area of 
the panel per unit area, which unfavorably heats 
the panel. Therefore, the length of the diagonal of 



Es = (t#L)/(m 2 KD) (6) 
in which </>L(tm) indicates the total bundle of rays 
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the panel is necessary to b not smaller than 2 
inches and not larger than 4 inches from the prac- 
tical viewpoint. 

When the luminance of the luminescent body 
is set at 1.2x10*^ with the life of the lamp taken 
into consideration, the arc length will be propor- 
tional to the consuming power. A lamp of 3mm arc 
length consumes approximately 50W, a lamp of 
4mm arc length about 100W and a lamp of 5mm 
arc length about 150W. The efficiency of the metal 
halide lamp is 80 (tm/W). The total luminous flux 
of a 50W lamp is 4000 Im, those of a 100W lamp 
and a 150W lamp are 8000tm, 120001m, respec- 
tively. The arc length of the lamp is correlative to 
the consuming power thereof, the arc length is 
correlative to FNo, and the consuming power of the 
lamp is correlative to the total luminous flux of the 
lamp as above, and therefore the relationship of 
these factors is represented as shown in Fig. 47 
given that the luminous flux of the screen is 5% the 
total luminous flux. 

From the above, the optimum specification of 
the projection-type display apparatus is deter- 
mined, which will be depicted now. In the projec- 
tion-type display apparatus, when the screen size 
of a projected image is not smaller than 40 inches, 
300-400* m or more luminous flux is needed to 
achieve practically useful properties of the field. If 
the utilizing efficiency of light of the lamp is about 
4%, a 100W or larger lamp is required. Therefore, 
although a lamp of 3mm arc length is enough to 
satisfy only the display contrast CR, a 100W or 
larger metal halide lamp is required to obtain the 
sufficient luminance of the projected image. 

If the panel size is small, it is impossible to 
obtain the sufficient display luminance. The panel 
size should be approximately 3.5 inches when the 
arc length is 5mm and the effective FNo of the 
illuminating light is 7. 

If the arc length is more or less 5mm and the 
panel size is slightly larger than 2 inches, the 
effective FNo of the illuminating light is a little 
smaller than 5. In this case, although the display 
luminance is in the practical range, the favorable 
display contrast CR cannot be obtained. 

Although the practically useful display lumi- 
nance is attained when the effective FNo of the 
illuminating light is 5 or larger, the effective FNo of 
the illuminating light ( = effective F value of the 
projecting light) should be set nearly 7 and the arc 
length of the lamp should be 5mm or so, and 
moreover about a 150W lamp should be used so 
as to well realize the display luminance, display 
contrast and long life of the lamp with the suitable 
consuming power. 

The luminous flux reaching the screen is in- 
creased when FNo of the projection lens is re- 
duced. The consuming power of the lamp should 



be increased in accordance with the increase of the 
luminous flux. Seen from the viewpoint of the elon- 
gation of the life of the lamp, the arc length of the 
lamp becomes long as the consuming power of the 
5 lamp is increased when the luminance is the same. 
Since the display contrast CR follows the expres- 
sion (5), it is worsened as FNo is decreased. On 
the contrary, the display contrast is enhanced if 
FNo is increased, but the luminous flux reaching 
10 the screen is reduced. 

Accordingly, the arc length of the lamp should 
be not smaller than 3mm and not larger than 6mm 
to obtain the good display contrast and good dis- 
play luminance. Moreover, the consuming power 
15 must be not larger than 250W. A 100W or larger 
metal halide lamp is necessitated to obtain the 
sufficient screen luminance. 

The diagonal length of the effective display 
area of the panel is necessary to be not larger than 
20 5 inches, favorably, not smaller than 2 inches from 
the viewpoint of the utilizing efficiency of light. 
Particularly, in order to obtain the sufficient con- 
verging efficiency of light and miniaturize the ap- 
paratus, the diagonal length of the effective display 
25 area of the panel is not smaller than 2 inches and 
not larger than 4 inches. 

FNo of the projection lens, broadly, FNo of the 
projecting optical system is 5 or larger to obtain 
the good display contrast CR. For the sufficient 
30 screen luminance, FNo is not larger than 9, more 
specifically, not smaller than 6 and not larger than 
8 when the arc length of the lamp is taken into 
consideration. If FNo of the projection lens is not 
generally agreed with that of the illuminating optical 
35 system, the light is lost, decreasing the utilizing 
efficiency of light. 

The above-mentioned values or the range of 
values are particularly important features of the 
projection-type display apparatus using the poly- 
40 mer dispersion liquid crystal display device as the 
light valve, and not yet made public. 

According to the projection-type display ap- 
paratus of the invention, the polymer dispersion 
liquid crystal is used as the light modulation layer 
45 53 of the display device. However, it may be re- 
placed with the other similar material utilizing the 
change of the scattering state, e.g., an optically 
addressed type liquid crystal panel using the poly- 
mer dispersion liquid crystal, a thermal addressed 
so type liquid crystal panel using a phase change 
liquid crystal, a ferroelectric liquid crystal panel 
using the change of the scattering state, a DSM 
liquid crystal panel, a display panel using PLZT or 
the like. The employment of the striped electrodes 
55 is not restricted to that for modulation of light in the 
light modulation layer, and is applicable also to a 
i twist nematic liquid crystal panel and a polarizing, 
optically addressed type liquid crystal panel such 
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as a light valve I LA® offered by JVC-HUGHES. 

An optical-write-typ display device without 
transparent substrate 212 can be fabricated. 

The photoconductive layer 394 operates as a 
potential modulator to the liquid crystal. Namely, 
since the impedance thereof is enoughly high in 
absence of a writing light, no potential is applied to 
the liquid crystal. But, when a writing light is ap- 
plied thereto, the impedance is lowered in accor- 
dance with the intensity of the writing light and, 
thereby, a potential is applied to the liquid crystal. 
CRT is applicable as a source of writing light. An 
image is written into the display device of CRT and 
a reading light is applied from counter substrate 
side. 

Herein below, an optical-write-type display de- 
vice, as an application of the present invention, in 
which a PD liquid crystal is used for the light 
modulation layer will be explained briefly. 

Fig. 58 is a schematica! cross-sectional view of 
an optical-write-type display device. On a substrate 
11, electrode 395, photoconductive layer 394 of 
amorphous silicon, light shutting layer 393, dielec- 
tric mirror 392 as light reflecting means are depos- 
ited in this order and a counter electrode 391 is 
formed on a counter substrate 12. A PD liquid 
crystal 53 is held between counter electrode 391 
and dielectric mirror 392. Further, a thick transpar- 
ent substrate 212 is bonded on the counter sub- 
strate 12 by bonding agent 396. The liquid crystal 
layer should satisfy the condition defined by equa- 
tion 3. The counter electrode 391 may be a striped 
electrode as shown in Fig. 7. 

Further, examples of the projection type dis- 
play device using the display device mentioned 
above for the light valve are illustrated in Figs. 59 
and 60. In these figures, reference numerals 401a 
to 401c denote a CRT for writing images into 
corresponding display device 391a to 391c. In Fig. 
59, the display device 391a to 391c provides with 
striped electrodes 41 (not shown in this figure) and 
a transparent substrate 212 or concave lens 214. 
Other compositions and operation of this display 
device are substantially same as those of the pro- 
jection type display device shown in Fig. 52 or 55. 

In the preferred embodiment of the projection 
type display device, a PD liquid crystal is used for 
the light modulation layer 53. 

However, display panels such as thermal ad- 
dressed type liquid crystal panel using phase-tran- 
sition type liquid crystal, ferroelectric liquid crystal 
panel utilizing chang in the dispersion state, DSM 
liquid crystal panel, PLZT panel and the like are 
also applicable to the projection type display de- 
vice according to the present invention. 

It is also to be noted that a transparent mem- 
ber to be bonded to the substrate can be omitted 
in the case that the counter substrate 12 or 11 has 



a thickness enough for satisfying conditions de- 
fined by equation (2) or (2'). This is also applicable 
to the counter substrate formed as a concave lens. 
Although the present invention has been fully 

5 described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the 
art. Such changes and modifications are to be 

w understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrom. 

Claims 

15 

1. A display device which is provided with a first 
and a second electrode substrates, 

a light modulation layer held between said 
first and second substrates for forming optical 

20 images as the change of the scattering state of 

light, and a transparent member, 

wherein said transparent member is opti- 
cally coupled to at least either one of said first 
and second substrates and, when light is pro- 

25 jected to said light modulation layer in a state 

that said transparent member is not optically 
coupled to said first and second electrode sub- 
strates, said light modulation layer satisfies a 
condition defined by an expression wB/L £ 1.5 

30 wherein L is the illuminance of the plane of 

incidence of light to said light modulation layer, 
B is the luminance of said light modulation 
layer measured at the plane of projection of 
light from the direction of a normal of the light 

35 modulation layer and, -n is the ratio of circum- 

ference of a circle to its diameter. 

2. The display device according to claim 1 
wherein said a first electrode substrate pro- 

40 vides with pixel electrodes arranged in matrix 

and said second electrode substrate provides 
with a plurality of generally striped electrodes, 
said striped electrodes being disposed to face 
rows of pixel electrodes. 

45 

3. The display device according to claim 2 further 
comprising a driving means capable of apply- 
ing different potentials to striped electrodes 
adjacent to each other and varying each mag- 
so nitude of said different potentials 

4. The display device according to claim 1 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

55 

5. The display device according to claim 1 
» wherein said transparent member is a concave 

lens, with a light absorbing means formed on 
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the ineffective surface thereof. 

6. The display device according to claim 5 
wher in a positive lens is disposed adjacent to 
said concave lens. 5 

7. The display device according to claim 1 
wherein said transparent member is a transpar- 
ent substrate so desig ned a s to satisfy an 
expression (t/d) £ (1/8)V(n 2 -1) wherein t is the 10 
thickness of said transparent substrate, n is the 
index of refraction, and d is the maximum 
diameter of the effective display area of said 

light modulation layer. 

75 

8. The display device according to claim 1 
wherein said transparent member is kept in 
touch with the air and a reflection preventing 
film is formed at the effective display area of 

said transparent member. 20 

9. A display device comprising a first substrate 
having pixel electrodes arranged in matrix, a 
second substrate with a plurality of generally 
striped electrodes and a light modulation layer 25 
held between said first and second substrates 
wherein said striped electrodes are disposed 

to face rows of said pixel electrodes. 

10. The display device according to claim 9 30 
wherein a film made of a dielectric material 
having a dielectric constant smaller than that of 

said light modulation layer is formed between 
adjacent two striped electrodes. 

35 

11. The display device according to claim 9 
wherein said striped electrodes are formed of 
ITO, with metallic thin films formed at a pre- 
determined part of said ITO. 

40 

12. The display device according to claim 9 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

13. A display device comprising: 45 

a first substrate having pixel electrodes 
arranged in matrix; 

a second substrate having a plurality of 
generally striped electrodes; and 

a driving means which is capable of apply- 50 
ing different potentials to two striped elec- 
trodes adjacent to each other among said 
striped electrodes and varying the potentials of 
said first and second striped electrodes, 

wherein a light modulation layer is held 55 
between said first and second substrates, and 
said striped electrodes are disposed to face 
rows of said pixel electrodes. 



14. The display device according to claim 13 
wherein a film mad of a di lectric mat rial 
having a dielectric constant smaller than that of 
said light modulation layer is formed between 
adjacent two striped electrodes. 

15. The display device according to claim 13 
wherein said driving means is disposed or 
formed on said first substrate, a signal output 
terminal of which is electrically connected to 
said striped electrodes by a conductive sub- 
stance. 

16. The display device according to claim 15 
wherein said conductive substance is conduc- 
tive beads or conductive fibers. 

17. The display device according to claim 13, 
wherein said striped electrodes are formed of 
ITO, with metallic thin films formed at a pre- 
determined part of said ITO. 

18. The display device according to claim 13 
wherein said transparent member is optically 
coupled to at least either one of said first and 
second substrates. 

19. The display device according to claim 13 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

20. The display device according to claim 13 
wherein said transparent member is a concave 
lens, with a light absorbing means formed on 
the ineffective surface thereof. 

21. The display device according to claim 20 
wherein a positive lens is disposed adjacent to 
said concave lens. 

( 22. The display device according to claim 13 
■ wherein said transparent member is a transpar- 
ent substrate so designed as to satisfy an 
expression (t/d) £ (1/8)V(n 2 -1) wherein t is the 
thickness of said transparent substrate, n is the 
index of refraction, and d is the maximum 
diameter of the effective display area of said 
light modulation layer. 

23. A display device comprising: 

a first substrate having pixel electrodes 
arranged in matrix and a plurality of generally 
striped electrodes disposed corresponding to 
rows of said pixel electrodes; 

a second substrate with counter elec- 
trodes; 

t a light modulation layer between said first 

and second substrates; and 
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an insulating film betwe n said striped 
electrodes and pixel electrodes, so that electric 
charges are accumulated between said elec- 
trodes, 

wherein different potential are applied to 
adjacent two striped electrodes. 



26. The display device according to claim 23 
wherein said transparent member is a concave 
lens, with a light absorbing means formed on 
the ineffective surface thereof. 

27. A display device comprising: 

a first substrate having pixel electrodes 
arranged in matrix, switching elements con- 
nected to said pixel electrodes, and signal 
lines for transmitting signals to said switching 
elements; 

a second substrate having a common elec- 
trode formed thereon; 

a light modulation layer held between said 
first and second substrates for forming optical 
images as changes in the scattering state of 
light; 

capacitors formed between said signal 
lines and pixel electrodes; 

a driving means for outputting a voltage 
turning said switching elements into the op- 
erating state, a voltage turning the same into 
the non-operating state, and first and second 
voltages for compensating a penetration volt- 
age generated by the parasitic capacitance of 
said switching elements; and 

a transparent member, 

wherein said transparent member is opti- 
cally coupled to at least either one of said first 
and second substrates and, when light is pro- 
jected to said light modulation layer in a state 
that said transparent member is not optically 
coupled to said first and second electrode sub- 
strates, said light modulation layer satisfies a 
condition defined by an expression -nB/L £ 1.5 
wherein L is the illuminance of the plan of 
incidence of light to said light modulation layer, 
. B is the luminance of said light modulation 
layer measured at the plane of projection of 
light from the direction of a normal of the light 
modulation layer, and it is the ratio of circum- 
ference of a circle to its diameter. 



28. The display device according to cairn 27 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

5 29. The display device according to claim 27 
wherein said transparent member is a concave 
lens, with a light absorbing means formed on 
the ineffective surface thereof. 

30. The display device according to claim 27 
wherein said transparent member is a transpar- 
ent substrate designed so a s to satisfy an 
expression (t/d) £ (1/8K/(n 2 -1) wherein t is the 
thickness of said transparent substrate, n is the 
index of refraction, and d is the maximum 
diameter of the effective display area of said 
light modulation layer. 

31. A display device comprising: 

20 a first substrate having a common elec- 

trode formed thereon; 

a second substrate having electrode, pho- 
toconductive layer, light shutting layer, light 
reflecting layer successively deposited there- 

25 on; 

a light modulation layer held between said 
first and second substrates for forming optical 
images as the change of the scattering state of 
light, and a transparent member, 

30 wherein said transparent member is opti- 

cally coupled to at least either one of said first 
and second substrates and, when light is pro- 
jected to said light modulation layer in a state 
that said transparent member is not optically 

35 coupled to said first and second electrode sub- 

strates, said light modulation layer satisfies a 
condition defined by an expression ttB/L S 1.5 
wherein L is the illuminance of the plane of 
incidence of light to said light modulation layer, 

40 B is the luminance of said light modulation 

layer measured at the plane of projection of 
light from the direction of a normal of the light 
modulation layer and, -n is the ratio of circum- 
ference of a circle to its diameter. 

45 

32. The display device according to claim 31 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

so 33. The display device according to claim 31 
wherein said transparent member is a concave 
lens, with a light absorbing means formed on 
the ineffective surface thereof. 

55 34. The display device according to claim 31 
wherein said transparent member is a transpar- 
i ent substrate so desig ned a s to satisfy an 
expression (t/d) 2: (1/8)V(n 2 -1) wherein t is the 

26 



24. The display device according to claim 23 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 10 

25. The display device according to claim 23 
wherein said a transparent member is optically 
coupled to at least either one of said first and 
second substrates. '5 
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thickness of said transparent substrate, n is th 
index of refraction, and d is the maximum 
diameter of the effectiv display area of said 
light modulation layer. 

35. A method for driving a display device which is 
provided with a first substrate having pixel 
electrodes arranged in matrix, a second sub- 
strate with a plurality of generally striped elec- 
trodes and a light modulation layer held be- 
tween said first and second substrates, said 
striped electrodes being disposed to face rows 
of said pixel electrodes, 

said method comprising the steps of: 
impressing a first voltage to a first striped 
electrode at a position facing a first pixel elec- 
trode and a lower voltage than said first volt- 
age to said first pixel electrode in a first field or 
a first frame, while impressing a second volt- 
age to a second striped electrode at a position 
facing a second pixel electrode adjacent to 
said first pixel electrode and a higher voltage 
than said second voltage to said second pixel 
electrode; and 

impressing the second voltage to said first 
striped electrode and a higher voltage than 
said second voltage to said first pixel electrode 
in a field or frame subsequent to said first field 
or frame, while impressing the first voltage to 
said second striped voltage and a lower volt- 
age than said first voltage to said second pixel 
electrode. 

36. The driving method according to claim 35 
wherein absolute values of said first and sec- 
ond voltage are substantially coincide with 
each other. 

37. The driving method according to claim 35, 
whereby a positive-polarity voltage is written in 
a first row of pixel electrodes and a negative- 
polarity voltage is written in a second row of 
pixel electrodes adjacent to said first row in a 
first field or frame, and a negative-polarity volt- 
age is written in said first row of pixel elec- 
trodes and a positive-polarity voltage is written 
in said second row of pixel electrodes in a field 
or frame next to said first field or frame. 

38. The driving method according to claim 35 
wherein said light modulation layer is formed 
of a polymer dispersion liquid crystal. 

39. A method for driving a display device which is 
provided with a first substrate having pixel 
electrodes arranged in matrix, a second sub- 
strate having a plurality of generally striped 
electrodes and a light modulation layer held 



between said first and second substrates, said 
striped electrodes being disposed to face rows 
of said pixel electrodes, 

said method comprising the steps of: 
s writing a higher voltage than a voltage of a 

striped electrode at a position facing an op- 
tional pixel electrode to said pixel electrode; 

impressing a lower voltage than the volt- 
age of said striped electrode to said striped 
10 electrode; and 

holding said lower voltage, 
alternatively, said method comprising the steps 
of: 

writing a lower voltage than a voltage of a 
75 striped electrode at a position facing an op- 

tional pixel electrode to said pixel electrode; 

impressing a higher voltage than the volt- 
age of said striped electrode to said striped 
electrode; and 
20 holding said higher voltage. 

40. The driving method according to claim 39, 
whereby a positive-polarity voltage is written in 
a first row of pixel electrodes and a negative- 

25 polarity voltage is written in a second row of 

pixel electrodes adjacent to said first row in a 
first field or frame, and a negative-polarity volt- 
age is written in said first row of pixel elec- 
trodes and a positive-polarity voltage is written 
30 in said second row of pixel electrodes in a field 

or frame next to said first field or frame. 

41. A method for driving a display device which is 
provided with a first substrate having pixel 

35 electrodes arranged in matrix and a plurality of 

generally striped electrodes corresponding to 
rows of said pixel electrodes, a second sub- 
strate with counter electrodes, a third driving 
means which is able to impress different po- 
40 tentials to an optional first striped electrode 

and a second striped electrode adjacent to 
said first striped electrode from each other and 
a light modulation layer held between said first 
and second substrates, so that electric charges 
45 can be accumulated between said striped and 

pixel electrodes, 

said method comprising the steps of: 
impressing a first voltage to a striped elec- 
trode accumulating, along with an optional 
50 pixel electrode, electric charges therebetween; 

writing a higher voltage than said first volt- 
ag to said pixel lectrode; 

impressing a lower voltage than said first 
voltage to said striped electrode: and 
55 holding said lower voltage, 

alternatively, said method comprising the steps 
, of: 

impressing a second voltage to a striped 
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electrode accumulating, along with an optional 
pixel electrode, electric charges therebetween; 

writing a lower voltage than said second 
voltage to said pixel electrode; 

impressing a higher voltage than said sec- 
ond voltage to said striped electrode: and 

holding said higher voltage. 

42. The driving method according to claim 41, 
whereby a positive-polarity voltage is written in 
a first row of pixel electrodes and a negative- 
polarity voltage is written in a second row of 
pixel electrodes adjacent to said first row in a 
first field or frame, and a negative-polarity volt- 
age is written in said first row of pixel elec- 
trodes and a positive-polarity voltage is written 
in said second row of pixel electrodes in a field 
or frame next to said first field or frame. 

43. A projection-type display apparatus which is 
provided with a display device comprising: 

a first and a second substrates at least one 
of which has light permeability; 

a light modulation layer held between said 
first and second substrates; and 

a transparent member optically coupled to 
at least either one of said first and second 
substrates, and 

when light is projected to said light modu- 
lation layer in a state that said transparent 
member is not optically coupled to said first 
and second electrode substrates, said light 
modulation layer satisfies a condition defined 
by an expression -nSIL £ 1.5 wherein L is the 
illuminance of the plane of incidence of light to 
said light modulation layer, B is the luminance 
of said light modulation layer measured at the 
plane of projection of light from the direction of 
a normal of the light modulation layer, and tt is 
the ratio of circumference of a circle to its 
diameter, 

said projection-type display apparatus fur- 
ther including: 

a light generating means; 

an optical means for guiding the light emit- 
ted from said light generating means to said 
liquid crystal display device; and 

a projecting means for magnifying and 
projecting the light modulated by said display 
device. 

44. The projection-type display apparatus accord- 
ing to claim 43 wherein said a first substrate 
have pixel electrodes arranged in matrix, a 
second substrate have a plurality of generally 
striped electrodes and a light modulation layer 
held between said first and second substrates, 
said striped electrodes are disposed to face 



rows of said pixel el ctrodes. 

45. The projection-type display apparatus accord- 
ing to claim 43 further comprising a driving 

5 means capable of applying different potentials 

to arbitrary two striped electrodes adjacent to 
each other and varying said potentials to be 
applied to said first and second striped elec- 
trodes. 

10 

46. The projection-type display apparatus accord- 
ing to claim 43 wherein said light modulation 
layer is formed of a polymer dispersion liquid 
crystal. 

75 

47. The projection-type display apparatus accord- 
ing to claim 43 wherein said transparent mem- 
ber is a concave lens, with a light absorbing 
means formed at the ineffective surface of said 

20 concave lens. 

48. The projection-type display apparatus accord- 
ing to claim 43 wherein said transparent mem- 
ber is a tra nsparent substrate satisfying (t/d) £ 

25 (1/8)V(n 2 -1) wherein t is the thickness of said 

transparent substrate, n is the index of refrac- 
tion and d is the maximum diameter of the 
effective display area of said light modulation 
layer. 

30 

49. The projection-type display apparatus accord- 
ing to claim 43 wherein F-number of said pro- 
jecting means is generalty not smaller than 5 
and not larger than 9. 

35 

50. The projection-type display apparatus accord- 
ing to claim 43 wherein said light generating 
means is provided with a lamp generating light 
by the arc discharge, the arc length of which is 

ao generally not smaller than 3mm and not larger 

than 6mm. 

51. The projection-type display apparatus accord- 
ing to claim 43 wherein the spreading angle of 

45 the illuminating light illuminating the liquid cry- 

stal display device is approximately agreed 
with the converging angle of said projecting 
means. 

so 52. The projection-type display apparatus accord- 
ing to claim 43 wherein said optical means is 
provided with a light splitting means for sepa- 
rating the white light emitted from said light 
generating means into three optical paths for a 

55 red light, a green light and a blue light, char- 

acterized in that the display device is installed 
j in each of said three optical paths. 
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53. The projection-type display apparatus accord- 
ing to claim 43 wherein the length of the 
diagonal of th effective display area thereof is 
not smaller than 2.0 inches and not larger than 
4.0 inches. 

54. The projection-type display apparatus accord- 
ing to claim 43 wherein F-number of said pro- 
jecting means is approximately not smaller 
than 5 and not larger than 9, and said light 
generating means is provided with a lamp gen- 
erating light by the arc discharge, the arc 
length of which is not smaller than 3mm and 
not larger than 6mm, further characterized in 
that the length of the diagonal of the effective 
display area of said display apparatus is not 
smaller than 2.0 inches and not larger than 4.0 
inches. 

55. A projection-type display apparatus compris- 
ing: 

a display device comprising a first sub- 
strate having pixel electrodes arranged in ma- 
trix, a second substrate with a plurality of gen- 
erally striped electrodes, and a light modula- 
tion layer held between said first and second 
substrates, said striped electrodes being dis- 
posed to face rows of said pixel electrodes; 

a light generating means; 

an optical means for guiding the light emit- 
ted from said light generating means to said 
display device; and 

a projecting means for magnifying and 
projecting the light modulated by said display 
device. 

56. The projection-type display apparatus accord- 
ing to claim 55 wherein a film made of a 
dielectric material having a dielectric constant 
smaller than that of said light modulation layer 
is formed between adjacent two striped elec- 
trodes. 

57. The projection-type display apparatus accord- 
ing to claim 55 wherein said third driving 
means is disposed or formed on said second 
substrate, a signal output terminal of which is 
electrically connected to said striped elec- 
trodes by a conductive substance. 

58. The projection-type display apparatus accord- 
ing to claim 55 wherein said striped electrodes 
are formed of ITO, with metallic thin films 
formed at a predetermined part of said ITO. 

59. The display device according to claim 55 
wherein said a transparent member is optically 
coupled to at least either one of said first and 



s cond substrates. 

60. The projection-type display apparatus accord- 
ing to claim 55 wherein said light modulation 

5 layer is formed of a polymer dispersion liquid 

crystal. 

61. The projection-type display apparatus accord- 
ing to claim 55 wherein said transparent mem- 

w ber is a concave lens, with a light absorbing 

means formed at the ineffective surface of said 
concave lens. 

62. The projection-type display apparatus accord- 
15 ing to claim 55 wherein said transparent mem- 
ber is a tra nsparent substrate satisfying (t/d) £ 
(1/8)V(n 2 -1) wherein t is the thickness of said 
transparent substrate, n is the index of refrac- 
tion and d is the maximum diameter of the 

20 effective display area of said light modulation 

layer. 

63. The projection-type display apparatus accord- 
ing to claim 55 wherein F-number of said pro- 

25 jecting means is approximately not smaller 

than 5 and not larger than 9, and said light 
generating means is provided with a lamp gen- 
erating light by the arc discharge, the arc 
length of which is not smaller than 3mm and 

30 not larger than 6mm, further characterized in 

that the length of the diagonal of the effective 
display area of said display apparatus is not 
smaller than 2.0 inches and not larger than 4.0 
inches. 

35 

64. The projection-type display apparatus compris- 
ing: 

display devices using a polymer disper- 
sion liquid crystal as a light modulation layer; 

40 a light generating means; 

a light splitting means for separating the 
light emitted from said light generating means 
into three optical paths for a red light, a blue 
light and a green light; and 

4 5 a projecting means for magnifying and 

projecting the light modulated by said display 
devices, 

characterized in that said display devices 
are installed respectively in said three optical 
so paths, 

wherein F-number of said projecting 
means is approximately not smaller than 5 and 
not larger than 9, and said light generating 
means is provided with a lamp generating light 
55 by the arc discharge, the arc length of which is 

not smaller than 3mm and not larger than 
i 6mm, and the length of the diagonal of the 
effective display area of said display apparatus 
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is not smaller than 2 inch s and not larger than 
4.0 inches. 

65. A projection-typ display apparatus which is 
provided with a display device comprising: 5 

a first substrate having pixels arranged in 
matrix; 

a second substrate with a plurality of gen- 
erally striped electrodes; 

a light modulation layer held between said 10 
first and second substrates; and 

a transparent member optically coupled to 
at least either one of said first and second 
substrates, 

said display device so adapted as to sat- 75 
isfy (ttB/L)£1.5 when the light is cast to said 
light modulation layer given that L is the illumi- 
nance of the plane of incidence of light to said 
light modulation layer, B is the luminance of 
said light modulation layer measured at the 20 
plane of projection of light from the direction of 
a normal of the light modulation layer, and * is 
the ratio of circumference of a circle to its 
diameter, 

said projection-type display apparatus fur- 25 
ther including: 

a light generating means; 

an optical means for guiding the light emit- 
ted from said light generating means to said 
liquid crystal display device; and 30 

a projecting means for magnifying and 
projecting the light modulated by said display 
device. 

66. The projection-type display apparatus accord- 35 
ing to claim 65 wherein said light modulation 
layer is formed of a polymer dispersion liquid 
crystal. 

67. The projection-type display apparatus accord- 40 
ing to claim 65 wherein said transparent mem- 
ber is a concave iens, with a light absorbing 
means formed at the ineffective surface of said 
concave lens. 
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Fig. 3 
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Fig. 4 
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© Display device, method of driving the same and projection-type display apparatus using the same. 



© According to the display device of the present 
invention, counter electrodes are formed in stripes 
(41) at a position facing pixel electrodes, with a 
polymer dispersion liquid crystal held between the 
counter electrodes and pixel electrodes. When a 
positive-polarity signal is to be impressed to a pixel 
electrode, a negative-polarity voltage is fed to the 
counter electrode. On the other hand, when a nega- 
tive-polarity signal is to be impressed to a pixel 
^ electrode, a positive-polarity voltage is added to the 
^ counter electrode. In this impressing manner of vol- 
tages, a high voltage can be applied to the polymer 
jjj dispersion liquid crystal layer on the pixel elec- 
trodes, so that the liquid crystal layer is turned into 
the transmitting state even if it is thick. Accordingly, 
J^j the scattering efficiency is improved and images are 
CO displayed with high contrast as the liquid crystal 
q layer can be made thick. If the thick transparent 
substrate (212) is bonded to at least one of the 
flU substrates (11,12) the light scattered at the liquid 
^ crystal layer is reflected by the thick substrate and 
returned back to the liquid crystal layer, thus elimi- 



nating the light to be scattered again. The display 
contrast is improved. When the display device is 
utilized as a light valve of a projection-type display 
apparatus, it realizes a video equipment able to 
display images on a large screen with high lumi- 
nance and high contrast. 
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ANNEX sheet B : EP 94 10 6399 
[claims 1-8,27-34,43-54,65-67] 

A display device comprising a light modulation layer (e.g. PDLC) held 
betwj^n two substrates wherein (i) a transparent member (212) is optically 
coupled to at least one of said substrates and (ii) the device gain G 
satisfies the condition C ^1.5, G being defined as 

G =H B/L 

where 
-TC is 3.141592. . . 

- L is the illuminance of the light impinging upon the modulation layer 

- B is the measured luminance of the modulation layer on the normal axis 
(with no transparent member (212) being coupled to the substrate(s ) ) . 

Use of such a display device in a projection display apparatus, (figs 39-41) 

[claims 9-22,55-63] 



A. display device comprising a light modulation layer- (e.g. PDLC) held 

between two substrates, a first substrate having an active matrix of 

pixel electrodes (51), wherein a second substrate has striped counter- electrodes 

(41) disposed to face rows of the pixel electrodes. 
Use of such a display device in a projection display apparatus, (figs 1,4-7) 



[claims 23-26] 



A display device comprising a light modulation layer (e.g. PDLC) held 
between two substrates, a first substrate having an active matrix of. 
pixel electrodes (71), a second substrate with counter electrodes (91), 
wherein the active substrate has individually addressable striped 
storage capacitor electrodes (63) corresponding to the rows of said 
pixel electrodes, (fig 12) 



[claims 35-40] 



Method of driving an active matrix display device .having, individually 
addressable striped counter- electrodes disposed to face rows of the 
pixel electrodes on the active substrate, (figs 1,13-18,20) 

[claims 41-42] 



Method of driving an active matrix display device provided on the active 
substrate with individually addressable striped storage capacitor 
electrodes corresponding to the rows of the pixel electrodes, (figs 12,19) 



(claim 64] 



A three-optical path (for Red, Blue, Green light beams respectively) 
projection display apparatus using PDLC light valves and comprising 
projecting lens (326,334,342) for" magnifying and pro jecting^the- light- 
modulated by said PDLC devices, wherein conditions are given on 
(i) the F-number of said projecting lens (326,334,342)^ (ii) the length of 
the arc discharge lamps (321,341a) used in the apparatus etc. (figs 47-55) 
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